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* DEPARTMENT OF THE ARMY
NORTH CENTRAL DIVISION, CORPS OF ENGINEERS

536 SOUTH CLARK STREET
CHICAGO. ILLINOIS 600

NCDPD 31 July 1981

NOTICE OF THE FINAL REPORT
FOR

GREAT I AND GREAT II
(Great River Environmental Action Team)

UPPER MISSISSIPPI RIVER RESOURCE MANAGEMENT STUDY

This announcement is to notify the public that the final reports for GREAT I and
GREAT II have been completed by the District Engineer, St. Paul, and District
Engineer, Rock Island, and the Division Engineer, North Central Division, U. S.
Army Corps of Engineers.

INTRODUCTION

The GREAT I study, initiated in 1974, covers the St. Paul District portion of
the Upper Mississippi River from Minneapolis/St. Paul, Minnesota, to Guttenberg,
Iowa. The GREAT II study, initiated in 1976, covers the Rock Island District
portion of the river from Guttenberg, Iowa, to Saverton, Missouri. Both studies
began because of concerns over the. environmental impacts of methods used to oper-
ate and maintain the navigation system on the Upper Mississippi River. The GREAT
studies were conducted by Federal-State interagency teams under the guidance of
the Upper Mississippi River Basin Commission. They considered all aspects of the
river including dredging requirements and equipment needs for channel maintenance,
use of dredged material, commercial transportation, floodplain management, recrea-
tion, water quality, sediment and erosion control, fish and wildlife, and preser-
vation of cultural and aesthetic values. The GREAT Teams developed recommendations
in all of these areas; many of the recommendations were directed at the Corps of
Engineers for implementation. To supplement the GREAT reports, the St. Paul and
Rock Island District Engineers have prepared reports outlining how they intend to
implement the GREAT Team recommendations in their respective Districts. Both Dis-
trict Engineers intend to implement, through the established budgeting process,
what they consider high priority recommendations at an estimated cost increase of
$3 million annually in the St. Paul District and $2 million annually in the Rock
Island District.

STUDY AUTHORITY

The principal authority for theme reports is Section 117 of the Water Resources
Development Act of 1976 (Public Law 94-587). Section 117 reads: -

The Secretary of the Army, acting through the Chief of Engineers, is

I m Fb X
. .. . .. n,



-- S -a ----

authorized to investigate and study, in cooperation with interested
States and Federal agencies, through the Upper Mississippi River Basin
Commission the development of a river system management plan in the
format of the "Great River Study" for the Mississippi River from the
mouth of the Ohio River to the head of navigation at Minneapolis,
incorporating total river resource requirements, including, but not
limited to, navigation, the effects of increased barge traffic, fish
and wildlife, recreation, watershed management, and water quality at
an estimated cost of $9,100,000.

BACKGROUND

In the 1960's and early 1970's, conservation organizations, commercial fisher-
men, biologists, and sportsmen expressed concern over the environmental impacts
of methods used to operate and maintain the navigation system of the Upper
Mississipi River. Their concerns were directed to the U. S. Army Corps of
Engineers, the agency assigned by Congress to maintain the navigation system.
In 1974, the St. Paul and Rock Island Districts completed Environmental Impact
Statements (EIS) in accordance with the National Enviromental Policy Act of
1969. The EIS described the effects of the Corps of Engineers' operation and
maintenance program on the Upper Mississippi River. These documents concluded
that sediment from uplands and streambanks, as well as placement of dredged
material, was damaging the river's biologically productive backwaters, marshes,
and sloughs. The EIS also revealed that little information was available on
many other aspects of the river. The lack of information made it difficult for
government agencies or the Congress to evaluate ways to manage the river while
balancing the demands of competing uses.

As a result of growing congressional and public interest in the problems of the
Upper Mississippi River, the North Central Division Engineer of the Corps of
Engineers and the North Central Regional Director of the U. S. Fish and Wildlife
Service announced in September 1974 the establishment of a partnership team to
work out long-range management strategies for the multi-purpose use of the
river. In October 1974, this team evolved into GREAT--a working partnership of
Federal agencies, States, and the public--under the sponsorship of the Upper
Mississippi River Basin Commission.

The Team, established in 1974, was called GREAT I and studied the Upper Mississippi
River from Minneapolis/St. Paul to Lock and Dam 10 at Guttenberg, Iowa. GREAT II
was organized in 1976 and studied the river from Guttenberg to Saverton, Missouri.
GREAT III was organized in 1977 and encompasses the Mississippi River from
Saverton to the mouth of the Ohio River. The GREAT I Team Report was completed
in September 1980, and the GREAT II Team Report was completed in December 1980.
The GREAT III report is scheduled to be completed in fiscal year 1984.
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STUDY TEAM ORGANIZATION
The GREAT Teams were made up of representatives from the following State and

Federal agencies:

GREAT I GREAT II

U. S. Department of the Army U. S. Department of the Army

Corps of Engineers Corps of Engineers

St. Paul District Rock Island District

U. S. Department of the Interior U. S. Department of the Interior

Fish and Wildlife Service Fish and Wildlife Service

Region III Region III

U. S. Department of Agriculture U. S. Department of Agriculture

Soil Conservation Service Soil Conservation Service

Minnesota Office Iowa Office

U. S. Department of Transportation U. S. Department of Transportation

Coast Guard - 2d District Coast Guard - 2d District

U. S. Environmental Protection Agency U. S. Environmental Protection Agency

Region V Region VII

State of Iowa State of Iowa

Iowa Conservation Commission Iowa Conservation Commission

State of Minnesota State of Illinois

Department of Natural Resources Department of Transportation and

Department of Conservation

State of Wisconsin State of Missouri

Department of Natural Resources Department of Conservation and
Department of Natural Resources

Upper Mississippi River Conservation State of Wisconsin

Committee - Nonvoting Member Department of Natural Resources

Minnesota-Wisconsin Boundary Area Upper Mississippi River Conservation

Commission - Nonvoting Member Committee - Nonvoting Member

DESCRIPTION OF STUDY AREA

The Navigation Project

The Upper Mississippi River 9-foot channel navigation project, extending 
from

the mouth of the Missouri River to Minneapolis, a distance of 658 
miles, was

authorized by Congress in 1930. A map of the project is shown on page 4.
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The principal engineering features are 29 locks and dams, spaced at irregular
intervals to maintain a 9-foot navigation channel. All locks of the system were
originally built to provide a width of 110 feet and a length of at least 600
feet, with the exception of the Upper and Lower St. Anthony Falls Locks and Lock
No. 1, located near the head of navigation within the city of Minneapolis. These
locks at the head of navigation have a width of only 56 feet and a length of 400
feet. Lock No. 19 at Keokuk, Iowa, is 1,200 feet in length and opened in May 1957.
Locks No. 27 at the Chain of Rocks Canal near St. Louis was openeC in 1953 and
consists of one 1,200-foot main lock and one 600-foot anxiliary lock. Construc-
tion of a 1,200-foot replacement for Locks and Dam No. 26 at Alton, Illinois, is
currently underway. The general location and number of locks and dams necessary
for the project were fixed by the river profile. The practicable heights of the
dams were limited by flowage damage. So far as possible, the locks and dams were
located in fairly straight stretches so as to avoid cross-currents and to afford
navigation easy upstream and downstream approaches.

The navigation dams on the Upper Mississippi River were constructed to regulate
water level stages of the river at low flow and to pass high river flows without
raising river stages above those that would exist without the dams. The dams are
provided with gates which can be raised to permit the flow of the river to pass
underneath them, as under natural conditions. Thus, at high water, the river
surface profile will have practically the same slope as in a natural state; while
at low water, the river consists of a series of reservoirs providing a stairway
for waterborne traffic.

The dams are spaced at intervals varying from 0.4 to 46.3 miles. The average
pool length is 25 miles. The lift of locks varies from 5.5 to 49.2 feet with an
average lift of 12.9 feet. The area encompased by GREAT I and GREAT I extends
from the head of navigation to Lock and Dam No. 22.

Fish and Wildlife Values

The Upper Mississippi River valley supports one of the most diverse ecological
communities in terms of habitat and species abundance and variety on the North
American continent. The unique plant and animal life of the valley results from
the overlapping of eastern and western species and an intrusion of southern
species up the river valley.

Before construction of the locks and dams system, the river bottoms were primarily
wooded islands. The islands also contained some hay meadows and small farming
areas. Deep sloughs were the rule, but hundreds of lakes and ponds were scattered
through the wooded area. Marshes were limited to the lakeshores and ditches lead-
ing off the sloughs. These marshes often dried up completely. Fish rescue work
was a big activity, with crews rescuing fish trapped in bottomland lakes and ponds
when the river receded.

In the early thirties, the Corps of Engineers initiated work on the 9-foot channel
commercial navigation project. Resulting impoundments abruptly changed the river
bottoms from areas of wide fluctuations in pool levels to areas of semistabilized
water in which, while spring floods still occur, the bottoms do not dry out in the
summer. Thus, instead of wooded islands and dry marshes, marsh and aquatic habitat
with fairly stable water levels are available throughout the year.
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In each of the pools, three distinct zones occur. The upper end of each pool is
in essentially the normal river condition where thewater levels were not raised
to any large extent. In this portion of the pools, marsh development is limited
and the old conditions of deep sloughs and wooded islands are found. In the
middle portion of each pool, impoundment backed up water over islands and old
hay meadows, spreading out over large areas of comparatively shallow water. It
is in the middle portion of the pools that the best marsh development occurred.
Immediately above each dam, the water was impounded to a depth which precluded
marsh development; at present, this area is essentially deep, open water in which
some aquatic growth occurs, but in which there is practically no marsh.

Two extensive wildlife refuges are located on the Mississippi River. The Upper
Mississippi River Wild Life and Fish Refuge, authorized in 1924, extends from
Wabasha, Minnesota, mile 760, to Rock Island, Illinois, mile 490. The Mark
Twain National Wildlife Refuge, established in 1958, covers the area from Rock
Island, Illinois, mile 490, to St. Louis, Missouri, mile 195. About 227,000
acres of refuge lands are distributed along 534 miles of the Mississippi River.
The river valley is best known for its value as a migratory corridor for birds,
especially waterfowl, of international significance.

The Problem of Sedimentation

In a free-flowing river, erosion and sedimentation maintain a longterm equilib-
rium. Sediment deposits in the marshes and backwaters are balanced by the
river's creation of new channels and wetlands. The wing dams and closing dams
system that preceded the locks and dams stabilized the alignment of the main
channel and enhanced the river's ability to transport sediment. Formation of
the navigation pools created thousands of acres of wetlands and backwater, but
reduced the river's ability to transport sediment through the natural scouring
process. Approximately one-quarter of the open water area present when the lock
and dam system was completed has become marshland.

The primary source of fine sediments which settle out and clog the backwaters is
erosion from farmlands. However, a reduction in erosion alone would not neces-
sarily solve the problem. Sedimentation and shoaling also depend on the river's
energy dynamics and local geography as well as the availability of suspended
sediment.

Sand sediments which accumulate and cause shoaling must be dredged to maintain
the navigation channel. The primary source of the sand which fills the main
channel is streambank erosion from tributaries. The majority of this sand in
the GREAT I area appears to come from key sand-producing tributaries; the grea-
test single contributor of sand is the Chippewa River in Wisconsin. GREAT II
studies do not show the same correlation between tributary sand inputs and dredg-
ing requirements.

Thus, the problems confronting resource managers are whether the backwater sedi-
mentation can be counteracted, and where and how to dispose of coarse sediments
dredged from the navigation channel.
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SCOPE OF THE GREAT STUDIES

The overall goal of the GREAT studies was to develop a river system management
plan as specified in the authorizing legislation. To further this goal, the
GREAT I and GREAT II study teams conducted investigations in the following
areas.

Channel Maintenance - The Teams identified environmentally sound procedures for
the Corps of Engineers to follow in conducting dredging operations and placing
dredged material. They agreed on methods that would protect environmental
values; provide for beneficial use of the dredged material; and build a recogni-
tion of water quality, floodplain management, and recreation needs into the
process. The GREAT I Channel Maintenance Plan is a detailed, site-specific
dredged material placement plan. The GREAT II Team developed a procedure for
selection of placement sites as outlined in a. Channel Maintenance Handbook.

Commercial Transportation - The study participants addressed such issues as
removing existing constraints and providing for future expansion of navigation
traffic; evaluating the requirements for navigation safety in regards to channel
dimensions, obstructive bridges, and other hazards; providing adequate mooring
and fleeting areas; and the demand for and importance of river transportation.

Commercial, Industrial, and Utility Development - Studies were outlined to
continue commercial and industrial activities in a manner that would protect the
environment.

Floodplain Management - Participants dealt with the problems of inconsistent
floodplain laws, regulations, and enforcement programs between the States and
agencies involved and identification of the effects of sediment buildup on flood
stages.

Recreation - Recreation work groups evaluated recreation needs, proposed addi-
tional recreational facilities, and investigated congestion at locks with heavy
recreation use. They also considered beach nourishment with dredged material
and the issue of private leases of Federal lands.

Water Quality - These efforts focused on developing consistent water quality
criteria among States and Federal agencies, promoting enforcement of existing
regulations to protect the river water and establishment of monitoring stations
below large urban areas and waste pretreatment programs in certain areas.
Studies on the water quality effects of navigation and of mechanical and hydrau-
lic dredging were conducted.

Sediment and Erosion - These studies collected and evaluated data to describe
the relationship between upland and streambank erosion and the sedimentation of
Mississippi River backwaters. They also attempted to determine sedimentation
rates in open-water areas. Upland watershed treatment programs (such as reduced-
tillage farming) were also addressed.

Fish and Wildlife - The fish and wildlife studies emphasized collection and
analysis of information to better document and assess impacts on fish and wild-
life of the river from municipal, residential, industrial, navigational, and
recreational encroachments. Team members also evaluated methods to improve
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habitat in backwater areas by changing the amounts of flow entering the back-
water through side-channel openings.

Cultural and Aesthetic - These studies addressed preservation of qualities
essential for human enjoyment of the river corridor.

Dredging Requirements, Dredged Material Uses, and Material and Equipment Needs-
The factors which affect dredging requirements were analyzed, including depth
and width relationships, effectiveness of sediment control on tributaries, and
sediment transport modeling. The potential uses and users of dredged material
were identified and evaluated. Potentially usable types of dredging equipment
were studied, and techniques were investigated for estimating dredging costs
using alternative dredging equipment.

PRODUCTS OF THE GREAT STUDIES

The partnership nature of the GREAT I and GREAT II study efforts resulted in
completion of GREAT I and II "Team Reports", which contain recommendations
for the Corps of Engineers, other Federal agencies, States, local governments,
and the public. To provide a vehicle for following up on recommendations
addressed to the Corps of Engineers, each District Engineer produced an Imple-
mentation Report. The Implementation Reports contain information about the
costs, legislative authorities needed, and District priority ratings for carry-
ing out these recommendations. The reports are suitable for processing by the
organizational review levels of the Corps. Throughout the GREAT studies, the
Corps' voting Team members attempted to play a positive role; they did not vote
against recommendations where the Corps could, in good faith, take at least some
positive action. The Implementation Reports have carried forward this philosophy.

The GREAT I Implementation Report

The Implementation Report for GREAT I highlights the St. Paul District's program
to address the 112 recommendations of GREAT 1. Eighty of these recommendations
are directed at the St. Paul District for implementation. The Implementation
Report describes three levels of implementation, from a "Basic Program" with no
additional funding being available, to a Full GREAT I program which includes
actions required by the District to fully implement all appropriate recommenda-
tions. A "First Priority Program" is presented; this is the District recommen-
dation for implementation of GREAT recommended actions through FY 1988. The
Basic Program includes 27 of the GREAT I Team recommendations; the First
Priority Program includes 25 additional recommendations. The Full GREAT I

Program would include 28 more recommendations.

If the recommended First Priority Program were implemented, it would require an
increased operation and maintenance funding of about $3 million annually. Imple-
mentation of the GREAT I Channel Maintenance Plan is included in the First
Priority Program; however, variances to certain State laws and regulations would
be necessary for full implementation of the Channel Maintenance Plan.
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This funding would, over time, enable the St. Paul District to implement the
Channel Maintenance Plan (including detailed evaluations of selected placement
sites, coordination of necessary revisions to the plan, acquisition of rights on
private land from voluntary sellers for placement of dredged material where it
is clearly in the best interest of the river resource, reduction of dredging
quantities, and development of long-term plans for placement site use) at an
average increase of about $2.4 million annually. Additionally, an average of
about $550,000 annually would be used to address the following: (1) a demon-
stration dredging program to better determine the most efficient equipment and
method of dredging, plus a reconnaissance evaluation of riverine placement; (2)
monitoring of water quality impacts and coordination with the States and EPA on
development of consistent criteria for sediment and water quality; (3) computer
modelling of sediment transport, study of sediment control on the Chippewa River,
and development of technical relationships at the underwater deltas of tributary
streams for downstream dredging needs; and (4) rehabilitation studies for criti-
cal backwater areas such as Weaver Bottoms and Spring Lake, providing lockage
waiting areas for recreational craft to address capacity problems at Locks and
Dams 2 and 3, and determining the need to repair or modify individual wing dams.

Not included in the first priority program are $6 million additional in average
annual costs for the Full GREAT I program. This program would include mainstem
shoreline protection at locations designated by the GREAT I Fish and Wildlife
Work Group, sanitary pump-out facilities at locks, and modification and exten-
sive marking of wing dams.

Increases in overall benefits from the project would result from implementation
of the recommended actions. The primary gains would be to fish and wildlife,
recreation, and water quality values. The loss of prime fish and wildlife
habitat to placement sites for dredged material would be significantly reduced.

The GREAT II Implementation Report

The Implementation Report for GREAT II identifies 72 recommended actions for
implementation; 69 by the Rock Island District and three by the North Central
Division. The District has ranked these actions into high, medium, and low
categories with 39 as high priority, 17 as medium priority, and 16 as low prio-
rity.

Implementation of the high priority programs would require an increase of approxi-
mately $2 million annually through at least FY 86. About $900,000 annually is
needed in the District's channel maintenance activities to bring more flexibility
to dredge material disposal. This flexibility is needed for increased transport
capability, improved site preparation, better return water control, revegetation,
and mitigation for damaged environments. The remaining $1.1 million average
annual expenditure during this time frame would be used to (1) conduct advance
planning of the Upper Mississippi River navigation system so that locks whose
capacity will be exceeded can be studied in accordance with existing legislation,
(2) study navigation effects on the Upper Mississippi River environment during
the fall and winter, (3) conduct detailed pool-by-pool cross section surveys, and
(4) complete the District Mississippi River recreation and resource master plan
in a timely manner.
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Implementation of the medium priority programs would require an additional
increase of approximately $4.5 million in one-time costs and $0.5 million in
annual costs. This additional expenditure would be used to (1) construct a
mooring cell Just north of Lock 22, (2) extend the upper and lower guldewalls at
Locks 20, 19, and 22, (3) refine the existing two-dimensional sediment transport
model to assess the effectiveness of regulatory structures near chronic dredging
areas, (4) complete backwater alterations, (5) investigate a pilot project to
determine the feasibility and environmental considerations of dredging in back-
water areas, (6) increase annual recreation resource funding to assure appropri-
ate funding for recreation management of the Upper Mississippi River, and (7)
increase annual funding for restoration of recurrent dredge site regulatory
structures.

To implement low priority programs, an additional $11 million would be required
predominantly for mitigation of sites where backwater areas have lost considera-
ble habitat value. Also included in the low priority programs would be (1) the
establishment of boat launching facilities (2) promotion of a litter "Take It
Home" campaign, (3) initiation of a research and development program to deter-
mine equipment necessary for performing large-scale backwater alterations, (4)
implementation of systematic surveys to locate and identify cultural resources
in the GREAT II reach of the Upper Mississippi River, and (5) a study to deter-
mine the cumulative effects of increased industrial, municipal, residential, and
recreational encroachment on fish and wildlife habitat.

CONCLUSIONS

Draft copies of the St. Paul and Rock Island District Implementation Reports
were distributed for review to agencies that actively participated in the GREAT
I and GREAT II studies. Comments received and responses and discussion of the
comments are contained in the final copies of the Implementation Reports. The
comments were valuable in development of the following conclusions.

Implementation of GREAT Recommendations - Funding to implement the GREAT recom-
mendations will be integrated into the annual NCD budget request. These recom-
mended actions will compete for funds, through the established budget ranking
process, with other Corps and Federal programs. Implementation of the recommen-
ded programs would require additional funds for the St. Paul and Rock Island
Districts totaling approximately $5.0 million annually through at least FY 1986.

Water Quality Considerations - The Clean Water Act required extensive changes in
operation and maintenance activities to protect water quality values. Section
404(b) requires an evaluation of individual proposed dredged material placement
sites to comply with guidelines issued by the U. S. Environmental Protection
Agency (EPA). Section 404(t) of the Clean Water Act requires the Federal Govern-
ment to comply with State laws and regulations in the discharge of dredged
material into navigable waters. One step in the procedure for compliance is
obtaining a permit from the appropriate State agency. Problems have arisen with
conditions attached to the permits by the State regulatory agencies. The Corps
believes that environmental problems which can result from placement of dredged
material in the Mississippi River relate more to physical impacts of placement
than to water quality impacts since most of the material is essentially clean
sand.

10
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The GREAT reports recommend that EPA develop water quality criteria for dredging
and material placement that would lead to adoption of uniform requirements by
the States for dredged material placement.

The North Central Division Engineer has requested the Regional Administrator,
Region V, EPA to establish objective criteria for water quality as it relates to
dredged material placement for the Upper Mississippi River. These criteria
would furnish the basis for further discussions with the involved States regard-
ing conditions for State permits. The Corps intends to observe State require-
ments--and is legally bound to do so under Section 404(t).

Cost Considerations in Placement Site Selection - Before placing dredged material
on a proposed site, the District will conduct a Section 404(b) evaluation. The
District will consider the GREAT site as the primary site, but will evaluate
alternative sites to determine if the GREAT site is justified, recognizing
environmental, social, and economic factors. If the GREAT site is selected, it
will be submitted to the EPA for approval. If the EPA disapproves the site or
our 404(b) evaluation identifies a more appropriate site, the newly proposed
site will be referred for consideration to the Districts ongoing site-selection
forum (the interagency group continuing the GREAT Team's coordination role).
This procedure will assure that site-specific recommendations are justified

prior to implementation.

A comparison of channel maintenance costs prior to the GREAT studies with more
recent costs would reflect not only changes resulting from GREAT, but also dif-
ferer-es in the shoaling rates, differences in the dredged volumes during those
years, and increased costs to comply with recent environmentally-oriented legis-
lation. In an effort to reduce the costs of channel maintenance, while still
complying with necessary environmental constraints, investigations of riverine
placement have been initiated. This procedure would place clean dredged material

in the deepest portion (thalweg) of the channel, where stronger currents can car-
ry it downstream so that sediments will not collect in backwaters or cause unde-
sirable shoaling. This method is thought to be particularly feasible in the GREAT
II area. Additional studies must be conducted to determine where, when, and how
placement can be accomplished using the river's existing sediment transport system,
without undue environmental impacts. This method would retain the river sediment

in its natural regime for transport through the river system.

Definition of Project Depth

The Corps has the authority to maintain the channel for 9-foot draft vessels.
Historically, the Corps has dredged to a depth of 11 feet below low control pool

to provide a stable channel for 9-foot draft vessels, and up to an additional 2
feet of advance maintenance to provide capacity for future shoaling. Low control
pool is the minimum water surface elevation. It is determined by considering the
maximum allowable drawdown downstream and zero flow conditions upstream. Concerns
have been voiced that reducing dredging depths as recommended by GREAT I would
threaten the safety of commercial navigation. The Corps believes reduced-depth
dredging means simply that we would not in every case dredge the additional 2
feet of depth for advance maintenance. Reducing advance maintenance dredging
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will be done where there will be no significant increases in frequency 
of dredg-

ing or impacts on navigation safety. The dimensions of the navigation channel

exclusive of the advance maintenance will remain the same as originally 
author-

ized. Dredging depths at approaches to rigid structures such as locks, 
bridges,

piers, or other potential safety hazards will be determined 
by technically

supported safety criteria rather than dictated solely by a desire 
to minimize

dredging quantities. The Corps of Engineers and the U. S. Coast Guard will coop-

erate in an investigation concerning the effects on safety 
of intermittent shallow

underkeel clearances for barge tows in an irregular (natural) channel.

Corps Purchase of Land for Dredged Material Placement

The Corps has authority to purchase rights or land for placement 
of dredged

material. Congress would be advised, through the budget process, of 
contemplat-

ed and actual purchases. It is the Corps' policy not to invoke eminent domain

and acquire land by condemnation proceedings for this purpose.

Fleeting Areas

The GREAT Teams have discussed studies to assess the impacts 
of proposed and

existing barge fleeting areas in the Upper Mississippi River; 
the results of the

studies were proposed to be used in the consideration of 
permit applications for

additional fleeting areas. District Engineers will continue to cooperate with the

States to resolve problems of fleeting areas within current 
Corps of Engineers

policies.

aoordination in the Field

Both the GREAT I and GREAT II Study Teams recommended that 
continuing forums be

established for field coordination of dredging activities 
and placement site

selection. The responsibility for decision-making would remain with the 
Corps

of Engineers. However, the GREAT studies have demonstrated the value of 
the

interdisciplinary approach to channel maintenance activities. 
The Corps seeks

to avail itself of the expertise residing in other Federal 
agencies, State

agencies, universities, and private consultants. Representatives of commercial

navigation will also be encouraged to contribute their valuable 
knowledge and

experience.

GREAT Recommendations Requiring Changes in Congressional Authorities

Almost all of the actions recommended for Corps of Engineers 
implementation can

be implemented within presently available authorities. 
The primary recommenda-

tion which would require Congressional action is authorization 
of full Federal

funding of projects on the Upper Mississippi River for 
recreation and fish and

wildlife. The Corps presently has authority to accomplish these purposes 
in

connection with the existing navigation project; however, 
cost sharing with a

local sponsor is required. Because of the multi-State nature of the river,

identification of a willing local sponsor has been difficult. 
Recomendations

concerning this issue in the GREAT I and GREAT II reports 
would represent a

change in national policy.

12
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Issues of this type (policy issues as opposed to project feasibility determina-
tions) are normally considered through the Army Civil Works Legislative Program.
This process involves: (1) identification and analysis of legislative needs
which require new or amending legislation, (2) "packaging" of such legislative
needs into a summary "legislative program" for submission by the Army to the
Office of Management and Budget (OMB) together with the Civil Works annual
budget submission, and (3) drafting of legislation within the Office, Chief of
Engineers to supplement each item in the OMB-approved legislative program for
submiession to Congress.

At this time of fiscal austerity, the North Central Division does not intend to
recommend a change in national policy to provide full Federal funding of projects
for recreation and fish and wildlife on the Upper Mississippi River. This item
could be considered in future submissions to the Army Civil Works Legislative
Program.

The GREAT reports also recommend that Congress provide a clearer definition of
the channel depth to be provided for the Upper Mississippi River navigation
project. The North Central Division believes the channel depth to be maintained
by the Corps has been adequately defined by existing legislation and past main-
tenance practices and that additional congressional action is not needed.

GREAT Recommendations Deferred

The ranking of GREAT recommendations for Corps of Engineers action was done by
the involved District Engineers; it was not part of the Team report. Recommen-
dations for immediate implementation were selected using the criteria of urgen-
cy, financial resources, organizational resources, and the priorities of the new
administration. No recommendations were considered to lack merit--those "de-
ferred" simply failed in competition with recommendations judged to be more impor-
tant or suitable at this time. As the objectives of some recommendations are
achieved or as funds become available from other sources, these "deferred" recom-
mendations will be reconsidered.

GREAT Recommendations for Other Agencies

Thirty-two recommendations of the GREAT I Team and twenty-four recommendations
of the GREAT II Team were applicable to organizations other than the Corps of
Engineers, such as the U. S. Fish and Wildlife Service, U. S. Environmental
Protection Agency, the U. S. Coast Guard, the State recreation or environmental
agencies, municipalities, county agencies, industry groups, and public interest
groups. Through the established process for developing approved regional water
resources plans, the Corps of Engineers will participate with the other involved
agencies in monitoring implementation of all GREAT recommendations.

ACTION

Having reviewed the reports of the GREAT I and GREAT II Teams and the Implemen-
tation Reports of the St. Paul and Rock Island District Engineers, I have deter-
mined that I, as Division Engineer, North Central Division, U. S. Army Corps of

(13
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Engineers., will:

Support increased annual budgets for the St. Paul District and
the Rock Island District to implement the first priority GREAT
recommendations.

Request that the Region V Regional Administrator of the
Environmental Protection Agency establish objective criteria
for water quality as it relates to dredged material placement
for the Upper Mississippi River.

Instruct the St. Paul and Rock Island District Engineers to
consider the GREAT-identified placement site as the primary
site when conducting Section 404(b) evaluations for proposed
dredging actions.

Support the St. Paul and Rock Island District Engineers in
their investigations of riverine thalveg placement of clean
dredged material.

Instruct the St. Paul and Rock Island Districts to continue
to maintain the navigation channel for 9-foot draft vessels
consistent with past definition of the channel. Advance
maintenance dredging will be minimized consistent with
vessel safety and maintenance cost considerations.

Support the St. Paul and Rock Island District Engineers in
the purchase of land rights--from willing sellers--for
placement of dredged material where it is clearly in the
best interest of the river resources.

Instruct the St. Paul and Rock Island Districts to continue
to cooperate with the States in the establishment and permit-
ting of barge fleeting area4 in accordance with Corps of
Engineers policies.

Instruct the St. Paul and Rock Island District Engineers to
continue the spirit of cooperation and coordination devel-
oped during the GREAT studies through the establishment of
ongoing river management forums.

Take no action at this time to propose a change in national
policy to provide full Federal funding of projects for
recreation and fish and wildlife on the Upper Mississippi
River.

Insure an annual reevaluation of those GREAT recommendations
not being scheduled for Implementation at this time.

I3COUMMATION

I recommend the reports of the District Engineers be provided to Congress for
Its Information.

14
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REVIEW PROCESS AND ADDITIONAL PUBLIC INPUT

In accordance with law, these reports are being referred for review to the Board
of Engineers for Rivers and Harbors in Fort Belvoir, Virginia. Interested
parties may present written views to the Board. Statements submitted should not
repeat material previously presented at public meetings held by the District or
Division Engineers, or contained in their reports, as this information is already
available to the Board. Information submitted should be new, specific, and bear
directly on the findings in the report.

Written communications should be mailed to the Board of Engineers for Rivers and
Harbors, Kingman Building, Fort Belvoir, Virginia 22060, in time to reach the
Board by 24 August 1981. If extension of this date is considered necessary, a
written request stating reasons for additional time desired should be mailed to
the Board as soon as possible after receipt of this notice. Information fur-
nished by mail is considered just as carefully by the Board and carries the same
weight as that furnished at public meetings.

Copies of information received by mail will not be furnished to other parties.
However, such information will be regarded as public information (unless the
correspondent requests otherwise) and may be inspected by other interested
parties in the office of the Board.

The Board will not take final action on the report until after expiration of
this notice, or any extension thereof that may be granted, and full consideration
of all information submitted in response thereto. Should the Board contemplate
action materially different from the recommendations of the Division Engineer,
appropriate notice to that effect will be furnished to local interests directly
concerned, inviting their views and comments prior to final action.

FURTHER INFORMATION

Further information may be obtained from this office or for information specific
to the GREAT I Study, from the District Engineer, St. Paul, 1135 U. S. Post
Office and Custom House, St. Paul, Minnesota 55101; or for information specific
to the GREAT II Study, from the District Engineer, Rock Island, Clock Tower
Building, Rock Island, Illinois 61201. Copies of the implementation reports are
available, without cost, upon request to the District Engineer, St. Paul or Rock
Island, until the limited supply is exhausted.

You are requested to give the foregoing information to any persons known by you
to be interested in this report and who did not receive a copy of this public
notice.

Thank you for your continued interest.

Sincerely,

Brigadier General, USA
Commander and Division Engineer
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IMPLEMENTATION FOR THE GREAT I STUDY

INTRODUCTION

RELATIONSHIP TO GREAT I REPORT

The GREAT I report describes the work and findings of the GREAT I

interagency team which studied management problems of the Upper Missis-

sippi River from Minneapolis-St. Paul, Minnesota, to Guttenberg, Iowa.

It forms the basis for this implementation report, which is St. Paul

District's plan for implementation of those GREAT I recommendations for

which the Corps of Engineers was identified by the GREAT I Team as the

lead agency.

This report provides the St. Paul District's perspective on the

findings of GREAT I. It is being submitted through the organizational

review channels of the Corps for approval and submission to Congress.

The data and documents of the GREAT I report should be referred to for

further details on the information discussed in this report. The

principal aspect of river management discussed in this report is maintenance

dredging of the 9-foot navigation channel along the Mississippi River and

tributaries upstream of Guttenberg and management problems which result

from this dredging. The St. Paul District intends to continue the spirit

of cooperation and coordination developed during the GREAT I study.

District activities on the river will be fully coordinated with the

appropriate Federal and State agencies and the public.

STUDY AUTHORITY

The principal authority for the GREAT I report and this implementation

report is contained in Section 117 of the Water Resources Development Act

of 1976:

11



"The Secretary of the Army, acting through the Chief of
Engineers, is authorized to investigate and study, in
cooperation with interested States and Federal agencies,
through the Upper Mississippi River Basin Commission
the development of a river system management plan in the
format of the 'Great River Study' for the Mississippi
River from the mouth of the Ohio River to the head of
navigation at Minneapolis, incorporating total river
resource requirements including, but not limited to,
navigation, the effects of increased barge traffic, fish
and wildlife, recreation, watershed management, and
water quality at an estimated cost of $9,100,000."

SCOPE OF T-E STUDY

The study area is shown on figure 1 on page 3. It covers the Upper

Mississippi River within the St. Paul District: from the head of naviga-

tion at Minneapolis (Cairo river mile 857.6) to Guttenberg (Cairo river

mile 614). The lower 24.5 miles of the St. Croix River, lower 14.7

miles of the Minnesota River, and lower 1.4 miles of the Black River are

also included. The main navigation channel and adjacent floodplains are

the main study areas. Major tributaries and their watersheds are also

addressed based on their sediment producing relationships to the Missis-

sippi River. The study area is unique in that for approximately 150 miles

the navigation project and the Upper Miss.ssippi River Wild Life and

Fish Refuge coexist.
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The principal task of the GREAT I study was to develop a detailed

channel maintenance plan and recommendations for the management of the

river corridor. Other tasks included investigation of ways to reduce

dredging volumes, containment or stabilization of dredged material

placement sites, identification of productive uses for dredged material,

evaluation of the compliance of dredging activities with Federal and

State water quality and floodplain management standards, determination

of equipment needed to maintain the river resources in an environmentally

sound manner, and evaluation of recreation and fish and wildlife problems

and needs.

The scope of this report is to address those components of the

GREA1 I report identified for Corps of Engineers implementation

responsibility and most particularly those actions associated with

the channel maintenance dredging.

STUDY PARTICIPANTS AND (O3ORDINATIXN

The GREAT I study was conducted by an interagency team with repre-

sentatives from the following States and Federal agencies: Iowa, Minnesota,

Wisconsin, U.S. Department of Interior - Fish and Wildlife Service, U.S.

Department of Agriculture - Soil Conservation Service, U.S. Department of

the Army - Corps of Engineers, U.S. Department of Iransportation - Coast

Guard, U.S. Environmental Protection Agency, Minnesota-Wisconsin Boundary

Area Commission (nonvoting), and Upper Mississippi River Conservation

Committee (nonvoting).

The team was an equal member partnership, with representatives of the

Corps of Engineers and Fish and Wildlife Service serving as cochairmen.

It operated under the bylaws of the Upper Mississippi River Basin Commis-

sion. The studies of GREAT I were coordinated extensively with all levels

of government and the public throughout the study area. The St. Paul

District's representatives were professionals from varied backgrounds

associated with water resource management (including civil engineering,

4



A

water resource planning, geography, hydrology, biology, social sciences,

archeology, and other disciplines). Similar representation was provided

in the compilation and preparation of this report.

This report was coordinated in draft form with GREAT I member agencies,

representatives of the commercial navigation industry, and other State

agencies with an interest in the GREAT I report. Comments received and

responses to and discussion of these comments are found in Appendix F.

STUDIES OF OTHERS

Several major study efforts concerned with the Mississippi River in

the GREAT I study area are under way or have been recently completed.

The level B studies of the Upper Mississippi River Basin Commission,

Corps of Engineers recreation and resource management planning, and

other studies are important to consider when reviewing the findings of

GREAT I and this report. Perhaps the more significant study efforts inter-

related with GREAT I are the studies being conducted in GREAT II and

GREAT III which cover those segments of the Upper Mississippi River in

the Rock Island and the St. Louis Districts of the Corps of Engineers,

respectively. GREAT II and GREAT III are operating under the same

authority, funding, and framework as GREAT I.

The Upper Mississippi River Basin Commission Comprehensive Master

Plan SLudy is also significantly related to the GREAT I study. This

master plan study is developing a plan to guide management and development

decisions especially as they concern expansion of the navigation system

on the Upper Mississippi, Illinois, and Kaskaskia Rivers. The findings

of the GREAT I study are available for incorporation in the master plan.

. .... | i -5



PROBLEM IDENTIFICATION

GENERAL

The problem identification process could be more appropriately called

conflict identification. The river serves many interests, and each inter-

est has different demands. What is best for one use may conflict with

another. Identification of these conflicts is the first step toward solu-

tion of the problems.

NATIONAL OBJECTIVES

Problem identification and alternatives evaluation during GREAT I

followed the Water Resources Council's Principles and Standards for

Planning Water and Related Land Resources. The overall purpose of the

planning was to promote the quality of life along the Upper Mississippi

River by reflecting society's preferences for attainment of the followiag

two national objectives:

1. Enhancement of national economic development by increasing the

value of the Nation's output of goods and services and improving national

economic efficiency.

2. Enhancement of environmental quality through management, con-

servation, preservation, creation, restoration, or improvement of the

quality of certain natural and cultural resources and ecological systems.

FUTURE "WITHOUT" CONDITION

The future "without" condition is the most likely future condition

in the study area if the major recommendations and findings of the GREAT I

study are not implemented. It is developed to provide a base against

which to measure changes anticipated from implementation of the recommended

actions. The future "without" condition is basically a continuation of

the existing uses of the river with increases in commercial navigation

traffic, increases in recreation use, decreases in the quality of the

fish and wildlife habitat, and some improvements in water quality.

6



Some of the GREAT I recommendations would be implemented; however, con-

frontations would probably continue, and the conflicts between users of

the river resource would increase in magnitude and frequency unless some

positive actions are taken to resolve the issues.

PROBLEMS, NEEDS, AND OPPORTLNITIES

The problems, needs, and opportunities were addressed according to

the following resource management areas.

Commercial Navigation

The inland navigation system in the GREAT I area is a vital link in our

national intermodal transportation system. Commodities shipped on the

9-foot channel are important to the life and economy of the Upper Midwest.

Figure 2 shows the percent of the area's commodities handled by barge

transportation in the GREAT I area. The types of commodities handled are

the bulk commodities; grain and coal account for the largest tonnages

shipped. Figure 3 and table 1 show relative distribution of products

shipped through the GREAT I area in 1977, which is fairly typical of

recent years.

7



-

I ww

aoco

0~ OD

80 * .4J' 0

go i1U. 1 0-

0,-I

0 0
1J4 4

0 0.4 4J

rr w u) 0 v4to CL 4
v4

LL. Z 4

Lr.

0 (0

oo



Totl SipmntsandRacpt Wihinteu GRaTd

reai 1977

FIGURE 3



Table I - Total shipments and receipts within the GREAT I area. 1977
Shipments Receipts

Commodity (thousands of tons)

Coal 2,306.6 4,894.6

Grain 5,620.0 9.1

Nonmetallic minerals 1,616.0 1,977.3

Petroleum and petroleum products 1,388.3 1,761.7

Chemicals and related products 25.3 897.5

Metallic ores 48.5 254.4

Stone, clay, cement 0 252.3

Total 11,004.7 10,046.9

The benefits generated by this system are substantial. Transporta-

tion savings of grain and coal are significant. Table 2 shows the typical

savings for a 15-barge tow of grain and coal traveling from or to St. Paul

at 1979 rates.

Table 2 - Relative shipment costs of grain and coal from (grain) and
to (coal) St. Pagi, (

Item Grain' ($1.000)  Coal t$11000)

One-barge tow (15 barges) 160 150

Railroad (225 jumbo hopper cars) 570 220

Cost savings for barge tow 410 70

(1) Figures for grain are based on shipment of 787,500 bushels of
grain at 1979 rates from St. Paul to New Orleans.

(2) Figures for coal are based on the shipment of 22,500 tons of coal
at 1979 rates from the eastern and midwestern mines to St. Paul. Barge
coots include costs for rail from the mines to St. Louis, transfer costs
from rail to barge, and barge costs from St. Louis to St. Paul.
SOURCE: Coiercial Transportation Appendix, GREAT I.
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Waterway commerce has continued to exceed growth predictions and

the system still has capacity to handle a greater level of commerce.

The locks in the St. Paul District are used only about 40 percent and

are idle about 60 percent of the time. Commercial transportation traffic

represents about 70 percent of current time of lock use; recreational

and other craft account for the remainder. The number of lockages for

commercial and recreational craft are about equal; however, the time

involved in locking recreational craft is much shorter. Tables 3 and

4 present information on lock use for the GREAT I area. Present fleeting

areas for commercial barge traffic are marginally sufficient to handle

the large volume of barges using the system. Problems are anticipated

in the location of additional fleeting areas to handle traffic increases.

Table 3 - Percent of available time that locks within the GREAT I area are
dedicated for use by type of traffic

Percent of dedicated use Total Total
Date Comercial Recreation Other dedicated use idle

1975 (April-
November) 27.6 9.4 0.7 37.7 62.3

1976 (April-
November) 27.7 12.0 0.6 40.3 59.7

1979 (April-
November) 26.7 9.9 0.6 37.2 62.8

1980 (April-July) 27.1 10.9 0.5 38.5 61.5

Average 27.3 10.5 0.6 38.4 ,.1.6

SOURCE: St. Paul District Performance Monitoring System Data.
Note - information for 1977 and 1978 to net available at this time.
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Table 4 - Number of commercial and recreational lockages by lock in the
GREAT I area for 1978

Total
Total pleasure

Total Percent pleasure Percent boats
Lock Total commercial of boat of through

and dam lockages lockages total lockages total locks

USAF 2,480 1,517 61 963 39 1,670

LSAF 3,232 2,193 68 1,039 32 1,873

1 4,285 2,362 55 1,923 45 4,543

2 4,935 2,617 53 2,318 47 7,316

3 5,992 2,505 42 3,487 58 11,278

4 5,626 2,619 47 3,007 53 7,517

5 4,842 2,477 51 2,365 49 6,510

5A 5,580 2,548 46 3,032 54 7,232

6 5,119 2,629 51 2,490 49 5,734

7 6,351 3,074 48 3,277 52 9,415

8 4,952 2,807 57 2,145 43 5,339

9 5,027 2,842 57 2,185 43 3,929

10 6,185 2,827 46 3,358 54 8,509

Total for 64,606 33,017 51 31,589 49 82,865
system

SOURCE: St. Paul District Performance Monitoring System data

Fish and Wildlife

The Upper Mississippi River system is a nationally and inter-

nationally significant resource for fish and wildlife. In the GREAT I

reach, the river corridor contains over 275,000 acres of diverse, high

quality aquatic and terrestrial habitats. The Upper Mississippi Wild Life

and Fish Refuge covers the lower half of the study reach. Also in the

area are the Trempealeau National Wildlife Refuge and all or parts of

10 State wildlife management areas.
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The Upper Mississippi River and its associated backwater lakes,

ponds, and sloughs support an exceptionally diverse and productive fishery.

The fish most commonly sought by anglers include walleye, bluegill,

crappie, catfish, sauger, white bass, and largemouth bass. Catfish,

carp, buffalo, and freshwater drum are the primary commercial species.

From 1953 to 1977, the commercial fish harvest in the GREAT I reach

averaged 5.6 million pounds annually. No comprehensive areawide survey

has been conducted on the sport fishery, but research on individual pools

indicates substantial angler pressure.

The river corridor supports a multitude of wildlife, including

mammals (59 species), birds (300 species), reptiles (28 species), and

amphibians (15 species). However, the corridor is most noted for its

value to waterfowl, both as a nesting area and migration route. The

river valley lies in the heart of the Mississippi Flyway and is a migra-

tion route for hundreds of thousands of waterfowl and other bird species.

Construction of the locks and dams system and filling of the navigation

pools in the 1930's created large areas of optimum habitat for fish and

aquatic and semiaquatic wildlife. These conditions still exist in many

areas; however, natural processes and human actions are degrading these

optimum conditions.

The navigation pools are, in effect, shallow reservoirs, and the

natural processes of erosion and sedimentation are slowly filling in the

pools. This trend is especially evidenced in backwater areas where lakes

and deeper marshes are being converted to shallow marshes as sediment

accumulates. Sedimentation has been accelerated by land-use practices

that have caused excessive erosion in upland areas.

Other factors that have led to degradation and deterioration of

the habitat quality and fish and wildlife resources of the river include:

1. Loss of habitat to dredged material placement.

2. Secondary movement of dredged material into adjacent habitats.

13
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3. Bed load sediment entering the backwater areas.

4. Increased recreational activity on the river.

5. Increased industrial and commercial development along the

river and in the watershed.

Many of the natural processes occurring along the river cannot be halted.

However, with proper management, adverse effects on the resources of

the river can be slowed or mitigated. The effects of man's actions on

the river's fish and wildlife resources can be controlled to a certain

extent with coordinated planning and management by all agencies involved.

Recreation

Over 3 million people live along the Mississippi River in the GREAT I

area, and over 8,000 boats are housed in marinas and private slips along

the river. The river is used extensively for boating, hunting, fishing,

and camping; dredged material islands and beaches receive heavy use.

A significant portion of today's recreational activity results from

the improved navigation opportunities for pleasure craft and improved fish

and game habitat resulting from the higher water levels created by the

locks and dams. The 9-foot channel project provides water surfaces ideally

suited for water-associated recreation. In addition to a deeper naviga-

tion channel, 13 pools or man-made lakes were created, extending for a

distance of about 224 miles and forming many marshes, swamps, open sloughs,

backwater sloughs, intermediate small lakes, and large open expanses of

varying depths.

Within the pools are many islands some of which were created by

placement of material dredged from the main channel. Most of these is-

lands are very popular with recreational boaters and are used for picnics,

swimming beaches, and camping areas.

14



Recreational travel can be broken down into two components: intrapool

and interpool. The majority of the dredged material island users are

intrapool users who trailer their boats close to their intended destina-

tions and generally do not go through the locks. Interpool users may be

traveling from the pool where they moor their boats to another pool where

they recreate, or they may be on extended trips along the river. Table 5

summarizes estimated water-based recreation activities by pool for the

1980 season.

Table 5- Water-based recreation activi occasions by pool in GREAT I
area for 1980

Pool Activity occasions

Upper and Lower 81,000
St. Anthony Falls

1 85,000

2 65,000

3(2) 3,310,000

4 1,120,000

5 299,000

5A 367,000

6 1,140,000

7 536,000

8 658,000

9 783,000

10 592,000

Total 9,036,000

(1) Summarized frem Volume 6, Recreation Appendix, GREAT I Report.
(2) Includes the St. Croix River.

Demand for water-based recreation fluctuates through the week, peaking

on Saturdays, Sundays, and holidays. Use of lock 5A for one July week in

1976 is shown in figure 4. This peaking phenomenon has meant delays for

both commercial and recreation craft.
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The Corps of Engineers and other agencies operate many public use

areas along the river. These areas range from 1 to 12 acres and include

parking lots, boat ramps, and picnic and camping facilities. The locks and

dams attract several thousand sightseers each year. Observation platforms

have been provided at many of the locks and dams so visitors can view the

operations.

Recreational use on the Upper Mississippi River has occurred, to a

great extent, without an overall management plan. Federal, State, and

local agencies have development and management capabilities but are not

coordinated. Much of the recreational use that takes place on the river

is because the natural resources are of high quality. However, in some

areas, increased recreational pressure is degrading the resource base.

One of the necessary management needs is to maintain a high quality

resource base in the face of mounting recreational use.

Sediment and Erosion

One of the most pervasive and damaging problems for the Upper Missis-

sippi River is erosion of fine sediments from upland areas. Since creation

of the locks and dams in 1939, about one-fourth of the open water area has

been converted to marshland.

Bed load sediment which comes from bank erosion on tributary streams

also causes major problems when it settles in the navigation channel and

requires dredging. The Chippewa River is the largest contributor of

bed load sediment to the Mississippi River in the GREAT I area and is

the source of the large volumes of material dredged from pool 4 below

Lake Pepin. Bed load sediment from other tributaries, such as the Root

and Zumbro Rivers, also contributes to shoaling problems that necessitate

dredging in the navigation channel. Shifting of bed material, secondary

movement of dredged material, and tow prop wash also contribute to

shoaling.

17
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Floodp lain Management

Man has encroached on and is working and living in the natural flood-

plain of the Upper Mississippi River. The three States regulate develop-

ment in the floodplain. However, the limits of the floodplain and the

regulation of development is not uniform. The definition of the floodway

is not consistent among the agencies, making it difficult for the States

and Federal agencies to agree on what, in fact, is encroachment on the

floodway. These inconsistencies cause major difficulties in evaluating

the effects of actions along the river. The effects of the placement of

dredged material on flood stages would be an example; the St. Paul

District and the States disagree on the magnitude of the effect based in

part on the methodology, assumptions, and definitions used in analyzing

the effects.

Water Quality

The quality of water in the river directly affects the quality of

life along the river. Pollutants come from discharges of wastewater,

oil and chemical spills, and upland and streambank erosion. Once pollu-

tants are in the system, they can be resuspended through wind and wave

action, dredging operations, and passage of commercial and recreational

craft.

Criteria for water quality in relation to placement of dredged

material in the GREAT I area do not exist and are needed. The lack of

criteria causes differences in the estimated effects of dredging activi-

ties on the quality of the main channel and backwater areas and in the

evaluation of which measures are necessary to reduce adverse effects on

water quality. Hazardous materials are carried on the waterway and on

the highways and railroads adjacent to the waterway. The potential

for spills of these materials exists.

18

I



Channel Maintenance

Operation and maintenance of the 9-foot channel project in the St. Paul

District consists of two basic components: operation of the locks and

dams and channel maintenance. The costs of project operation and mainte-

nance for fiscal years 1950 through 1979 (including the separation of

the lock and dam costs and the channel maintenance costs) are shown in

figure 5. The costs in 1979 were $12.2 million, with 70 percent ($8.5

million) for locks and dams and 30 percent ($3.7 million) for channel

maintenance. Appendix E provides additional detail on the costs.
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The costs of channel maintenance before 1973 were closely related to

the volumes of material dredged, as illustrated in figure 6. However,

from 1974 through 1979, there has not been a good, consistent relationship

primarily because of changes in channel maintenance operations and in-

creases in costs resulting from compliance with Federal environmental

quality laws. Extra costs for compliance amount to about 17 percent of

the total operation and maintenance costs from 1975 through 1979 Most of

the channel maintenance dredging in the St. Paul District has been accom-

plished by the large hydraulic dredge, William A. Thompson, and a

mechanical dredge, the Derrickbarge Hauser. Figure 7 shows the volume

of material dredged in the St. Paul District by each dredge from 1950

through 1979. The Thompson has dredged the majority of the material. The

Hauser and other dredges have accounted for about 20 percent of the

material handled. The dredged material is generally a clean sand suitable

for beaches, road sanding in the winter, fill, and levee construction.

However, most of the historic placement sites have not been near identified

uses.

21

J1
j



z

wa

ke 0

u4j

0
WoJ

w I-

00

0 dc

00

zz

Iw 4 j

(S-13A3-1 3016d 6L61) 000'000'115 NI .LS03 NI QG38 AliWJJfO

22AI TD



ZO

00

SGIV 38f3 N01-1-111 NI S3v~fl1OA ONISO380

GREAT I STUDY
ST. PAUL DISTRICT IMPLEMAENTATION RZPORT

UPPER MISSISSIPPI RIVER

CHANNEL MAINTENANCE DREDGING
IN ST PAUL DISTRICT BY DREDGES

1950-1979
____________________________US ARMY. CORPS OF ENGINEERS FIGURE 7

23



PLANNING CONSTRAINTS

Constraints on the planning conducted in the GREAT I study consisted

of recognition of Federal and State laws that apply to activities in the

study area. The continued operation and maintenance of the 9-foot channel

project and the continuation of the Upper Mississippi River Wild Life

and Fish Refuge were accepted as a part of the future conditions. Several

Federal environmental quality statutes have required significant changes

in the St. Paul District's operation and maintenance of the 9-foot

channel project. Some of the more significant statutes are:

1. National Environmental Policy Act of 1969.

2. Endangered Species Act of 1973.

3. Preservation of Historic and Archeological Data Act of 1974.

4. Clean Water Act of 1977.

National Environmental Policy Act of 1969

In its most elementary interpretation, this statute requires Federal

agencies to fully consider the protection and enhancement of environmental

values in carrying out their programs. In operation and maintenance of

the 9-foot channel, this involves minimizing adverse impacts and enhancing

environmental values as much as practicable while still ensuring a safe,

navigable channel. Requirements of this act include public and agency

review of project actions and alternatives, preparation of environmental
docments, and identification and assessment of actions that could be
taken to avoid or minimize adverse impacts.

Endangered Species Act of 1973

This act requires that federally listed endangered or threatened species

and their critical habitats be protected. Compliance with this act involves

conducting species surveys, coordinating with appropriate Federal and State

irencies, and modifying actions if necessary to avoid impacts on these species.
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Preservation of Historic and Archeological Data Act of 1974

This act requires that the cultural resources of all land and water

areas affected by the project be evaluated and that steps be taken, if

necessary, to protect such resources. Complying with this act requires

evaluation of cultural resources, surveys, coordination efforts, and

protective or mitigative actions necessary if the project has adverse

impacts on cultural resources.

Clean Water Act of 1977

The Clean Water Act of 1977 probably requires the greatest changes

in operation and maintenance to protect environmental values, specifi-

cally water quality. Section 404(b) requires an evaluation of dredged

material placement activities to ensure compliance with g'iidelines pro-

mulgated by the U.S. Environmental Protection Agency. These guidelines

are designed to ensure the protection and maintenance of water quality

for all uses. Compliance with Section 404(b) requires studies, testing,

and other data collection needed for the evaluations and measures to

minimize the adverse effects of placement. There is some overlap between

National Environmental Policy Act requirements and Section 404(b)

requirements.

Section 404(t) requires that Federal agencies comply with State

laws and regulations in the placement of dredged material. The process

of compliance involves obtaining permits from appropriate State agencies.

In the State of Minnesota, the Corps must obtain State permits to place

dredged material below the ordinary high-water mark and discharge effluent

from a contained placement site. Wisconsin requires a permit for effluent

discharge from a contained placement site, and Chapter 30.12 of the Wisconsin

Administrative Code prohibits placement of material below the ordinary high-

water mark. In the State of Iowa, a permit is required to place material

below the ordinary high-water mark. No permit is required for discharge of

effluent from a contained placement site, although the State does require

that discharged effluent be monitored.
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Problems have arisen with respect to the conditions imposed by

State regulatory agencies. These problems involve specific requirements

of the permits and the fact that different States have different

requirements.

The Corps believes that the basic environmental problems which can

result from the placement of dredged material in the Mississippi River

relate more to the physical impacts of placement than to water quality

impacts because most of the material is essentially clean sand. It also

believes that water quality conditions imposed by the States in some

instances do not have a sound ecological basis and do not consider physical

impacts as do the guidelines used in the evaluations conducted under

Section 404 (b).

PLANNING OBJECTIVES

The objective of the GREAT I study was to develop a total river

resource management plan for the river corridor from Minneapolis-St. Paul

to Guttenberg. A principal subobjective was the development of a plan

to maintain the 9-foot navigation channel in an environmentally sound manner,

recogniting existing Federal and State laws and all resource values in the

formulation of the plan.

RECOMENDATIONS OF GREAT I

The GREAT I report presents many recommendations for future improve-

ments in the management of the Upper Mississippi River in the GREAT I area.

The recommendations cover 11 management areas and are presented in 3 cate-
gories for implementation: action items, policy pad funding items, and

further study items. Table 6 (beginning on page 32) sunmarizes the recom-

mendations. In the first column, the recommendations are summarized by

category. The lead agency is identified in the second column. Of the 112

recommendations, 80 are directed to the Corps of Engineers for lead agency

implementation responsibility. A complete description of the recommenda-

tions and the rationale for each recommendation is presented in the GREAT I

main report. Appendix k of this report also presents informa--i on the

recommendations.
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I WP LEPIENTAT I ON CONCLUS IONS

GENERAL

During the review of the GREAT I recommendations, the implications

of the recommendations to the Corps of Engineers operation and maintenance

activities for the 9-foot channel project and other related activities

were assessed. Three potential alternative future programs were con-

sidered: (1) Basic Program, (2) First Priority Program, and (3) Early

Implementation of GREAT I Program (GREAT I Program).

The Basic Program was considered a base-line condition for future

operation and maintenance activities at funding levels, equipment capa-

bilities, and practices similar to current operations or with reasonably

foreseeable modifications. The GREAT I recommendations would be incorpo-

rated to the extent practicable using the funding and equipment constraints

imposed. This projection would be considered essentially the future

"without" condition.

The First Priority Program was the program that would allow incorpora-

tion of those recommendations of GREAT I which are important and necessary

to accomplish the principal objectives of GREAT I. Policy and funding

level changes would be required. However, on the basis of information ob-

tained through the GREAT I process, the St. Paul District feels that the

actions required to implement the First eriority Program are justifiable

and the District will actively support recommendations to implement them.

As additional information is obtained, specific features of the recommended

actions may need to be modified; however, achieving the objectives of the

program would be the overall goal.

The GREAT I Program is the program that would allow full implementation

of all GREAT I recommendations at an early future date. A detailed descrip-

tion of the degree of potential implementation of each GREAT I recommendation

under either the Basic, First Priority, or GREAT I Program is presented

in Appendix A. The key features of each of the programs are summarized

below. All costs are at 1979 pri-e levels. Appendix B contains additional

information on the GREAT I CMP and equipment needs, Appendix C dredging

requirements, Appendix D environmental effects of implem, -ion of GREAT I

recommendations, and Appendix E economic considerations o' eration and

maintenance.
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BASIC PROGRAM

The Basic Program would provide for continued operation and maintenance

of the 9-foot channel on the basis of the justification for commercial

navigation with provisions for fish and wildlife and recreation as incidental

considerations. The Dredge Thompson, Dredge Dubuque, and Derrickbarge Hauser

would be the principal Corps-owned dredges used for channel maintenance.

Contractor dredging would be considered when supplemental equipment is re-

quired and funding levels are sufficient. The dredged material placement

sites proposed for use would be evaluated in detail considering economic

and environmental effects. The recommended GREAT I placement sites would

be evaluated as the principal sites; however, alternative sites wo.L ] be

considered. Easements or fee title acquisition of some placement sites

would be required. Interagency coordination would be continued through

the channel maintenance forum and on-site inspection teams. Reductions in

dredging quantities would be considered using the guidelines recommended by

GREAT I (including sediment transport and transportation safety considera-

tions). Appropriate State permits for the dredged material place-

ment sites would be applied for. Recreation and fish and wildlife

work would continue on a limited basis.

The estimated average annual cost of the Basic Program is about $19.2

million. Recognizing average annual commercial navigation benefits of

about $25.8 million, the benefit-cost ratio is 1.3. Consideration of the

annual recreation and fish and wildlife benefits of about $12.7 million

would provide a benefit-cost ratio of 1 .1.

FIRST PRIORITY PROGRAM

The First Priority Program would provide for continued operation and

maintenance of the 9-foot channel project in a manner similar to that of

the Basic Program; however, additional consideration would be given to

fish and wildlife, recreation, and water quality through implementation

of the GREAT I Channel Maintenance Plan and other GREAT I recommendations.

The Derrickbarge Hauser, another mechanical dredge (either government-

or contractor-owned), and the Dredge Thompson would probably be the

principal dredges used to maintain the channel. Detailed evaluation of
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dredged material placement sites would continue; the GREAT I recommended

site and alternative sites would be considered. Rights to place dredged

material on private property, either through easement or fee title, would

be needed at several locations. Equipment analysis, dredging equipment

demonstration projects, riverine thalweg placement, tributary sediment

control measures, and other evaluations of maintenance dredging related

actions would be conducted to identify justifiable modifications to

channel maintenance dredging. Actions to benefit recreation and fish

and wildlife would be accomplished in a somewhat higher level than under the

Basic Program.

The estimated average annual cost of the First Priority Program is

about $22 million. The benefit-cost ratios would be 1.2 and 1.7 when

considering commercial navigation benefits only or commercial navigation

plus fish and wildlife and recreation benefits, respectively. The bene-

fits for fish and wildlife would increase over estimates made for the

Basic Program; however, these increases are not presently quantifiable

and are not included in the comparison of benefits and costs.

GREAT I PROGRAM

The GREAT I Program would provide for continued operation and mainte-

nance of the 9-foot channel project in a similar manner as the First

Priority Program; however, fish and wildlife and recreation values would

receive additional emphasis. The dredging equipment and practices would

be similar to those in the First Priority Program; however, floodplain,

water quality, and other effects of the operation and maintenance of

the project would be analyzed. Changes in congressional authorities to

provide for full Federal funding for enhancement of recreation and fish

and wildlife through the navigation project funding would be required.

Congressional action to provide additional definition of the project

would also be required, although this additional definition would not be

expected to result in any changes in the operation and maintenance of the

project.
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Implementation of all GREAT I recommendations directed to the Corps

of Engineers would result in an average annual cost of about $28 million.

The benefit-cost ratios would be 0.9 and 1.3 when considering the Basic

Program level of benefits for commercial navigation only or benefits for

commercial navigation, recreation, and fish and u!ldlife, respectively.

The benefits to fish and wildlife and recreation would be greater than

those used in the comparison; however, these increases are not quantifi-

able at this time.

CONCLUS ION

On the basis of the extensive study and coordination accomplished

by the GREAT I Team, the GREAT I report and recommendations represent a

substantial step forward in total resource planning. The St. Paul District

analyzed the GREAT I report and recommendations with additional considera-

tion of economic and environmental values and has assigned relative

priorities to the actions identified for Corps of Engineers implementation

responsibility.

Many of the GREAT I recommendations are being implemented or tan be

implemented in the near future as part of ongoing programs. The St. Paul

District concludes that implementation of the GREAT I recommendations to the

level covered in the First Priority Program is fully justified and

clearly in the best interest of the public. The St. Paul District's

program for implementation of the GREAT I recommendations is described in

table 6 (page 32). Information presented includes the overall relative

priority the District places on the recommendations, the general programs

and approaches to implementation of the recommendations, estimated costs

for implementation, and authorities under which the recommendations would

be implemented. Many GREAT I recommendations were directed to agencies

other than the Corps of Engineers and the program in table 6 describes

only the actions the St. Paul District plans to implement.

Implementation of this program represents an average annual increase

in costs of about $3 million. However, the benefits to fish and wildlife,

recreation, and water quality are believed to exceed the expenditures,
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even though the increase in benefits is not quantifiable at this time.

Funding to implement these recommendations would be best integrated into

the annual operation and maintenance budget.

RECOIMENDAT ION

I recommend that the actions described in the First Priority Program

as described in this report and summarized in table 6 be approved and

funded in an orderly manner and according to the priorities established.

WILLIAM W. 3ADGER
Colonel, Corps of Engineers
District Engineer
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APPENDIX A

PROGM OPTIONS FOR FUTE OPERATION NO MAINTEMANCE

INTROCUCTION

The program options presented in this report center around three

concepts for Corps of Engineers implementagion of the findings and recom-

uendations of the GREAT I report: (1) Basic Program; (2) First

Priority Program; and (3) Early Implementation of GAT I Program.

All optia provide for contioned operation end maintenance of the 9-foot

navigation channel with varying dogress of Implementation of GREAT I

recommendatios. The principal diffarences are the costs of implements-

tio and the methods and data available In the development of the justi-

fication or benefits to be derived from Implementation.

The actions discussed are primarily those for which the Corps has

luplowentatio responsibility. Rowever, in areas where the principal

responsibility of an action lIe with another agency but completion of

Its action Is essential to successful completion of a related Corps action,

tit relationship and relative significance to the Corps program and the

three options will also be presented. The relative significance and

prioritios, if any, which may be assined to the GEAT I recommendations

are subject to change as additional Information and studies arte completed.

AMy progm racmeended for Implementation must be flexible to accomodate

changing future cooditions. The Basic and First Priority Progrm do not

correspond eactly to any of the alternative plans described In the GREAT I

reports. These programs are derived from the GRIAT I approved recomenda-

tims and plms Md afe projected from 1979 base conditions attepting to

Implmet ae many of the GeAAT I recmesdt'ions as practical within the

eustraftts of t b program. The GREAT I Program is a description of the

macessary elements to fully comply with the program recomended by the

G=I TOM.
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BASIC PO

The Basic Program is considered a base-1lni coafition for future

operation sad mintence of 'the 9-toot chammel in the St. Paul District.

This program Is considered the "future without" condition for comparison

with the First Priority and KA? I Programs. The program would consist

of continuing the operation and aintemance at funding levels mad with

practices sillar to current operations which ensure cmplance with

Federal 1w. Some moderate Increases in funding levels above Increases

resulting from higher price levels are Included where the Increases re-

sult from needed actions to comply with Federal regulations or where the

actions are essential to continuation of the project.

The Intent of this program would be to comply with and incorporate as

many of the 035*! t recinndations as soon as funding and scheduling would

aliow. Wlth the limited budget Increases of this program, a priority list

for the QUA! I recommendations would be established so that In low-volume

dedling years the highest priority recomndations could be addressed and

Implemented.

FIRST PRIORITY PROGM

The First Priority Program is that program which would allow Isple-
mstation~pf the higher priority recomendations of GRA! 1. This program
v ould require higher funding levels- than the basic program and is supported

by the justification presented in this report and the GRUT I reports. The

schedule for Implementation of C XAT I recommendations would be accelerated

from that presented in the Basic Program and has been programmed over about

a 6-year time frame. However, it would not allow full and early incorporation

of all GRIA I recommendations, the program should be reevaluated and updated.

VILY I WATION Of GNAT I PROGN4

s __ IProgam t the Program that wMuld be meessary to implemeat

doe pls an eelem ees o te of I tem as Preented in the a2 1
zr m. meaet gam in e A I report is used as he basis for

A-2



-C- oet estimates, IN1mSAntatton schedules, gad priorities to the extent
posible. In the cases whet. information to not avallable in the GRzAT I
doCOMtS, eupplmmteal information was developed to- provide a reasonable

basis for the estiuates.

SUWXY OF GREAT I MRCG4e TIONS BY PROGRM OPTIONS

The following table presents a discussion of each GRAT I recmmenda-
tion by program option, discussing the proposed Corps actions for imple-
mentation of the appropriate components of the recomendations vithin
the Basic, First Priority, and GMILT I Programm.

A-3
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APPENDIX B

DESCRIPTI1'J OF GREAT I CHANNEL
MAINTENANCE PLAN AND EOUIPMENT NEEDS

DESCRIPTION OF GREAT I CHANNEL MAINTENANCE PLAN

GENERA L

The GREAT I Channel Maintenance Plan (CMP) is a dredged material

placement plan. Specific sites are recommended for placement of material

projected to be dredged from the historic dredging sites for the period

1985-2025. Each site has a defined area and depth of fill which were use,

for evaluation. There more than one placement site is designate, , a

.equence of site use is provided. It is projected that material will be

removed for beneficial use and will reduce the total capacity required.

For high frequency dredging sit, , temporary sites ire identified f-r

restricted use to allow channel mintenance when the permanent sites can-

not be used because of equipment of time frame limits. lh CM"'p and

designated placement sites are a good basic plan, however, the plan must,

flexible and placement sites can be changed with appropriate -oordination

and evaluation.

PROJECTED DREDGING REQUIREMENTS

GREAT I projected average annual dredging requirements of 836,000

cubic yards with implementation of the C(IP. this amount Is siinificantiv

less than the historic average o. 1.5 million cubic yards per year for

the last 30 years.

A review of dredge cuts for -.hich GREAT I projected a volume rtduction

over 50 percent indicates three significant factors contributing t,- the

reduction:

1. Reduced-depth dredging.

2. Sediment reduction from Chippewa River sediment control measures.

3. Reduced channel width.

*l-l
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GREAT I estimated a 15-percent reduction for the period 1975-1985

and an additional 10-percent reduction for 1986-2000 from reduced-depth

dredging. At certain locations, the reduction was not applied because

structures posed potential safety hazards. Although the reduction may

not be accurate at certain locations, it is considered reasonable as an

average over the total system on the basis of the results of GRiAI T

research and pilot programs. Accuracy of projections at individual

sites cannot be refined without further research: however, any inac-uracy,

) may affect long-term placement site capacity and equipment requirements

if the error is made at sites requiring particular equipment.

Estimated reductions in dredging at specific sites because of a

reduction in the Chippewa River sediment supply are given In the tablc

on page 46 of Volume 8, Part T, of the Channel Maintenance Appendix to

the GREAT I report. However, GREAT I did not include drelging in the

Cbippewa River for a sediment trap or low-b-ad dam (the most probable

m ias of controlling the sediment supply). Dredging volumes in pool 4

would be significantly reduced by tributary sediment control on the

(Cippewa River. Appendix C of this report discusses these measures.

GREAT I has estimated the reduction at 72,800 cubic yards annually.

This amount should be added back in to account for dredging on the

tributary.

Reductions in dredging quantities resulting from reductions in

bend width are shown in the table on page 40 of Volume 8, Part T, of the

Channel Maintenance Appendix. The basis of computation for a river

bend where shoaling occurs on the inside of the bend is considered to be

well refined. The computation accounts for the typical dredge cut which

is heavy on the inside of the bend and feathers out to good channel

depths on the outside of the bend. However, three sites included in

this computation have uniform dredge cuts across the channel and are

not typical river bend sites: Crats Island (pool 4), Winters Landing

(pool 7), and above Brownsville (pool 8). In these cases, the projection

should be based on a direct relationship of historical width maintained

to the modified width. The following adjustments should be made:

B-2
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Crats Island, cut A, pool 4 = +11,200 cubic yards

Winters Landing, cut 4, pool 7 = +6,000 cubic yards

Above Brownsville, cut 6, pool 8 = _+2,000 cubic yards

+19,200 cubic yards

ith the two preceding adjustments, a modified GREAT I dredging volume

projection would he 928,000 cubic yards on an average annual basis.

GRI A's r,- lo tions mar be reasonable on the basis of available re-

starch, pilot program results, and professional judgments; however,

individu l site requirements m7,av vary significantly. The maintenance plan

must be able to be adjusted on the basis of experience and additional

in f, rm.a t ion.

PetIT l[tlS IP OF C'tC iLL 7 tSIr4G SIT TO DFSTIA. C7AWT SITES

The GREAT I CML' basically requires that dredged material be trans-

p rted longer distances to avoid or minimize impacts on wetlands and

maximize beneficial use of the material. On the average, dredged material

has been transported approximately 1.1 miles from the dredging site. The

CM-" was review'd cnsidirin the following factors:

1. Average annual quantities were split among multiple placement

sites where alternate sites posed a significant distance change.

2. The Chippewa River sediment trap would be located at the delta,

and dredeed material would be placed in the .,,abashia Gravel Pit. The dis-

tance of lo,300 feet was shown under the 2- to 3-mile category.

3. It was assumed that alternative placement sites could be used

to avoid the 23-mile haul distance of surplus material in pool 9.

hle following table summarizes the distances from dredge cuts to the

placement sites recommended in the CIP. The average transport distance

is 2.8 miles.

B-3
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Table B-I - Summary of volumes of dredged material and distances from
... dred~e cuts to GREAT I CMP placement sites

Average annual

quantity Percent of material
dredged handled in

Distance to placement (cubic yards) GREAT I area

Less than 5,000 feet 149,000 16

5,001 to 10,000 feet 262,000 28

2-3 miles 269,000 29

3 1-4 miles 60,000 7

4.1-t miles 74,000 8

6 6-8 miles 76,000 8

Greater than 8 miles 38,000 4

lot a 1 928,000 100

The CMPI was evaluated as a whole and also considering specific

information such as locations of dredge cuts, historic and projected

volumes, frequency of dredging, CMI placement sites, site ownership,

distance from the dredge cuts over water and over land to the placement

sites, approximate placement site elevations, capacity, beneficial use

removal required, feasibility of hydraulic placement, pipeline and

barge site accessibility, feasibility of hydraulic rehandling access,

trucking required, features to gain access, berming needs to retain

dredged material, and special considerations. The evaluation used the

best information available, but the sites were not inspected. The

evaluation indicated several potential limitations of the MIP which must

be addressed by all concerned interests to make the CMP workable. Some

of the major limitations are discussed in the following paragraphs.
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CMP LIMITATIOXiS

Placement Site Availability

CREAL I selected the CMP sites with limited consideration or investi-

gation of the availability of the sites. The major emphasis was on choosine

sites near population centers where greater beneficial use is expected.

'Most of the sites selected are not owned by the Federal Government.

Many factors could prevent or impair use of a particular site:

1. If the landowner opposes material placement the site may have

to acquire placement rights by condemnation, a time-consuming process.

In addition to acquiring placement rights at the site, land-use controls

are needed for the access route required to get material to the site ,n!

possibly for an access to allow material removal.

2. The landowner may want mraterial placed on his property but his

future plans may not be compatible with the CMP. For instance, the land-

owner may not allow material to be removed. Material removal may have been

anticipated in the development of the CMP to ensure adequate capacity for

the entire time frame. Land use plans may also restrict the time frame

or area available for material placement.

3. Use of a number of sites is contingent upon further studies or

approval of another project planned for that site. Details between agen-

cies must also be resolved in some instances.

4. The CMP lacks any analysis of the social impacts of use and ac-

quisition of selected sites. At many locations, placement and material

removal will interfere with surrounding land use. Local zoning ordinances

may prohibit certain proposed operations. Adverse public attitude could

result from actions required to implement the CMP such as land condemnation

or overland transportation through populated areas.

5. The demand for material may diminish if a cost for providing it

must be charged.

B-5



Regulatory Responsibilities

hI e CI M was developed with the intention of selecting the best co, ,-

promise site from a number of alternatives which represented a viriety of

interests. Compliance with existing regulations was not fully tonsid,' e!

in the selection process. Placement at manv sites will requirt i ch moo

in or exception to present State regulations. Changinv these regulations

, _iv be difficult and time consuming. letailed ;ite-specific ev lultions

are needed t,, romplv with Federal regilations

V'niform water quality standards for dredging do not exist. :Ile Cll

does not recommend establishing specific standards. 'hus, use of manv

sites and methods will require a resolution of acceptable stindard, be-

tween agencies involved.

A floodplain analysis is necessary at many sites to deterinv if

significant impacts will result from long-term material placement. A!.

evaluation for compliance with State and local floodplain oy linu!'.S i

needed, to allow non-Federal landowners to obtain necessary p-r-its.

Implementation Guidelines

The CMP lacks detailed guidelines for implementation. Operational

or development plans must be formulated for each site. l~lese plans will

have to be acceptable to concerned agencies and any interested parties.

A beneficial use program will have to be established. qite-specific plans

will require a clear definition of responsibility to ensure its success,

including participation by other agencies.

Recommendations for equipment were provided and analyzed only on

a site-specific basis. The total system must be analyzed to develop an

equipment package that can meet the overall CM? requirements. This

report includes an initial system analysis. However, because it is not a

part of the GRFAT report, it will have to be reviewed, refined, and ac-

cepted by other agencies.
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[he CMP identifies a placement site(s) for each dredge cut. Different

methods for moving the material from the cut to the site are not fully

evaluated. In most cases, some type of rehandling is involved. Rehandling

methods vary in cost and environmental impacts and must be compared.

Locations for rehandling also have to be designated, evaluated, and approved.

Physical Restrictions

A number of physical challenges facing placement site use must be met.

The dimensions of the sites were primarily determined from the volume

projected for placement. Detailed site surveys are needed to refine these

estimates. Where capacity was overestimated or where dredge cut projec-

tions are underestimated, additional area or placement sites will be needed.

The dredging volumes projected for the sites are based on average

quantities. The capacities of the sites were not adjusted to accommodate

a maximum job size or multiple jobs programmed for certain sites. This

could be a problem especially at small sites where material has to be

removed.

Where annual removal is required, secondary sites have not been provided.

Also, if removal by beneficial use is not as prevalent as anticipated,

secondary or alternate sites will be needed.

Physical restrictions have not been completely identified in the CMP

and will have to be resolved before placement is viable. Site drainage,

accessibility, and off-shore water depth are some of the restrictions

which might require substantial engineering, planning, and construction

before the site can be used.

Conditional Use Requirements

Nearly all of the sites have conditions attached which significantly limit

when and how the sites should be used. At some sites, placement is limited

to a specific area or for a specific purpose. Annual or seasonal removal

of the material is necessary at some sites. The CMP does not establish

responsibility for rehandling.
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Some sites were selected because material is needed at that location

for use in an ongoing or planned project. Placement at these sites

will have to be coordinated with the projects.

Requirements for stabilization of material must he analyzed, de-

signed, and additional funding provided with site development.

Cost Data

Realistic cost data are needed to allow a Section 4-04 evaluation and

determine if funding is justified. Some data were developed but need to

be refined. Reliable estimates are needed for equipment alternatives

comparison, site preparation measures, access requirements, and condi-

tional use requirements before the specific equipment, placement site

acquisition, etc., can actually proceed to implementation. No cost

information is available for use of the temporary placement sites identi-

fied or for material removal from these sites as an advance preparation

measure. As the CMP is programmed for implementation on a site-by-site

basis, the site-specific and equipment recommendations will require addi-

tional support and justification. Variations from the CMP as described

in the GREAT I report are expected as additional information is obtained.

DREDGING EQUIPMENT

MECHANICAL

General

This section discusses mechanical dredges, specifically cranes and

backhoes. ether mechanical dredges (such as bucket ladder, pneuma pump

system, and dipper or shovel dredges) are more useful in mining, spot cleanup

of hazardous material, rock excavation, channel construction, and similar

situations where volumes are high and cut faces are maximum.

B-8
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Five distinct dredges can be evolved from the crane and backhoe:

1. Crane with clamshell bucket.

2. Crane with orange peel bucket.

3. Crane with dragline bucket.

4. Backhoe with open digging bucket.

5. Backhoe with hydraulically activated clamshell bucket.

The orange peel bucket is actually a form of grapple and is used primarily

when rock, corestone, or similar materials smaller than derrickstone are

to be removed. The dragline bucket is used primarily to cut a trench

or excavate where accuracy of cut depth is not an overriding factor.

Therefore, the crane with a clamshell bucket and the backhoe with an

open digging bucket or hydraulically activated clamshell are the three

primary units to consider for shallow face maintenance dredging.

Suitability

The major factor that makes mechanical dredging very popular for

maintenance dredging is that it excavates the bottom material in an

"in situ" condition. "In situ" means the material is removed in a

condition and density similar to that in which it is found on the riverbed.

The volume handled is at a minimum, the material can be loaded into barges

with ease, and water rehandling or processing is minimized.

Mechanical dredging is a straightforward process with minimal set-up

time. The set-up time for rehandling will be more complex and longer.

Mechanica. dredges have relatively low initial investment costs.

The primary disadvantage of conventional mechanical dredging is rela-

tively low production rates. The bucket only excavates during a small

portion of the cycle. The balance of the time is spent traveling to and

from the placement vehicle.
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Mechanical dredging is also very labor intensive because operation

of independent equipment is required with the dredging, barge transport,

barge unloading, and subsequent rehandling to a final placement site.

A major consideration with mechanical dredging is suitable facili-

ties to unload the barge and the location of the final placement site

in relation to the unloading facility. The unloading and secondary

transport requirements are a major factor in selecting the basic dredging

method and rehandling approach.

Prod uct ion

Production capabilities of the three units are readily available

from various manufacturers. Generally a backhoe duty cycle is about

one-half that of a crane. The hvdraulic clamshell on a backhoe adds

about 10 percent to its pr( luction rate because the hydraulic clamshell

opens and closes faster on the ends of the cycle than the open digging

bucket can curl and uncurl. his advantage can be lost, however, when

faces are shallow (less than about 2 feet). For comparison, the follow-

ing table lists the production rates of several machines.

lable B-2-Production rates of mechanical dredges

Manufacturer's Monthly
rated operating estimated

capability rated
(cubic yards dredging

(1) per dredg- capacity

Manufacturer Model number __in ho ur) (cubic vards)

Backhoe

Link Belt 1.S 4800 () 204 )9,000

Link Belt 1.5 5800 (M) 252 76,000

Link Belt LS 7400 (L) 450 117,000

American 25 (q) IF9' 61,00()

American 480 (M) 270 81,00

American 45A (L) 450 117,000

Caterpillar 233 (M) 270 81,000

Caterpillar 2-3 (L) 3hO 93,000

Crane

Link Belt Is 118 (M) -22 67,000

American 599 (S) 180 61¢,00

American 7230 (M) 2 g2,000

(1) Ltter in parentheses indicates large (1), medium (M), or small (S).
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The manufacturer's rated operating capability is based on a reduction

of the optimum production considering an 18-foot digging depth below

tracks, 9 0 rotation, maintenance dredging on a shallow face, and generallv

a 50-minute operation per hour. This rating was reached following dis-

cussion with and concurrence by technical representatives of manufacturers

in the Twin Cities area. This rate is 30 to 40 percent below the optimum

production rates under optimum production conditions. GREAT I production

rate data did not adequately consider this factor.

Figures in the column labeled "Monthly estimated rated dredging

capacity" are from a study of effective dredging time of the Derrickbarge

Hauser conducted for the period 1963-1973. The Hauser operates at approxi-

mately 200 cubic yards per effective dredging hour. Effective dredging

time was 57.6 percent of the total time. The balance of the time con-

sisted of mobilization, stepping, switching, mechanical breakdowns, op-

posing weather and navigation, securing of plant for nonwork periods, etc.

Effective dredging time will be greater with smaller capacity units and

less with larger units because the fixed hours of downtime (such as

mobilization, switching, and stepping) will have a greater impact on larger

units. A reasonable estimate of effective dredging time is 50 percent for

large, 57.5 percent for medium, and 65 percent for small units. ihe esti-

mated monthly rated capacity in the final column of the above table is

for a 5-day, 24 hours per day operation. Increased efficiency in stepping,

switching, and barge size could raise efficiency by 5 to 10 percent of

total time. As suggested previously, the backhoe rates could be increased

up to 10 percent if a hydraulic clamshell instead of an open digging

bucket is used.

Selection

A number of factors must be considered when selecting the equipment

to be used for working in the dredge cut. Use of the fastest unit would be

considered first. The consensus of manufacturers' representatives was that

using the three large size backhoes for maintenance dredging was an "over-

fized' situation. These machines were designed to work in situations where

maximum reaches, cuts, and faces and minimum movement of the machine would

occur. Present dredging cuts with light faces of about 2 feet could not

possibly load the machines to full bucket capacity. The problem with
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trying to use the small machines as dredges is that the machines must be

equipped with extra length booms and sticks because they are basically

designed to dig from track level down. In dredging, the machine is on

a barge and the freeboard and water depth prohibit operation of a

standard machine. Therefore, a meditm-sized hvdraul-ic backhoe with its

fast cycle time appears best suited to mechanical dredging in the .NP.

[he Lydraulic b;ickhoe has several disadvantages in comparison to

Sa c-onventional crane. Repair of backhoes is more technically demanding

than repair of cranes because of the more exact tolerances involved in

the hvdraulic equipment. [hus, field repair of the backhoes may be

limited. A crane can be used for other purposes when it is not being used

for dredging. Cost savings in construction of the wcrk barge can be

realized when using the crane as opposed to using i backhoe. The forces

on the barge, barge spud wells, and spuds are primarily vertical when

using a -rane. However, the capability to resist the reactive horiz~otal

forces that the backhoe produces must be incorporated into the barge and

its equipment, thus adding to the original cost of the barge. A factor

favoring the crane is that the machinery usually gives warning of failures

by noise of brake or clutch slippage. In many instances, adjustments to

the clutches and brakes can be delaved to a weekend when machine use would

not be interrupted. However, when hvdraulic equipment malfunctions

slightly the machine should be attended to immediately to preclude a major

repair expense. Shutdowns could happen regardless of the urgent need to

continue dredging. The possibility of a rupture in a hydraulic line is

always present in using a backhoe so the threat of an oil spill is more

pronounced (control systems on cranes can be mechanical, pneumatic, or

hydraulic). All of these factors need to be carefully analyzed before

selecting equipment.

HYDRAULIC

General

Hydraulic dredges use a centrifugal pump which moves a slurry of

water and material from the channel bottom through a piping system to a

placement site. Hydraulic dredges are divided into four basic types:
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cutterhead, dustpan, hopper, and sidecasting. Upper Mississippi River

placement site requirements, the nature of the sediments to be dredged,

and the 9-foot channel depth eliminate all but the cutterhead dredge

from consideration.

Production Capability

I. Production - Before the production of a cutterhead hydraulic

dredge can be estimated, a dredge size must be selected and the average

length of pipeline must be determined. The dredge size depends mainly

on availability, job duration, type of material, exposure to the elements,

and capability to meet a specified minimum production requirement or

construction period. In many instances, the production rate is tie most

uncertain part of the estimate. Because of its significance in recard

to cost and time and because the range over which it can fluctuate can

outweigh any other factor made in the estimate, the production rate is

discussed in some detail. The most reliable approach for estimating a

production rate is to base it on dredging records for the same or similar

type work performed previously. If records are not available or applicable,

a theoretical approach must be taken. The procedure for this approach is

outlined in the following graphs and charts.

The following table lists the average production rate for each size

dredge for two critical pipe lengths based on pumping free flowing sand

having in situ density of about 2,000 grams per liter and a cutting depth

(bank height) equal to the cutter diameter. The pipe length is the

actual line length increased by "equivalent lengths" for fittings and rise of

the discharge end of the piping above the waterline. These production

figures must be modified by correction factors described in subsequent

paragraphs.

B-13
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Table R-3 -Hourly production as a function of line length
Hourly production

Dredge Average Up to this Cubic yards At t his Cubic yards

size horsepower length (feet) per hour lenth (feet) per hour

10-inch 300 2,000 200 4,000 130

12-inch 800 2,500 270 5,000 180

14-inch 1,20O0 3,000 380 6,000 250

16-inch 1,500 3,500 500 7,000 330

ih-inch 1,800 4,000 650 8,000 420

20-inch 2,400 4,000 800 8,000 520

24-inch 4,000 5 00o 1,200 10,000 780

27-inch 5,500 5,500 1,500 1],000 980

30-inch 7,000 (,000 1,800 12,000 1,170

32-inch 8,000 6,000 2,100 12,000 1,370

The significance of the two pipe lengths for each size dredge is ex-

plained by the dredge's operation. The operation is controlled by two

f.ictors as the discharge line length increases. For short lines, the suc-

tion limitation holds the production rate constant. As the length increases,

-ore power is used until the maximum power is reached. From then on, the

.cr limits production. That is, longer lines reduce effluent velocity

(...ing constant density). Vhen the velocity slows enough, solids start

to settle out. At this point, longer lines can only be used if booster pumps

are added. The operation of a cutterhead dredge is characterized by two

transitions - between suction and power and between power and velocitv limit.

'P e lengths at which these transitions are expected are given in the previous

t,,le together with the expected production rates. The dredging rate is

t,. same for all line lengths less than the shortest one listed regardless

, available pump power. Production between the two lengths listed can

b- interpolated.

Production in pipeline dredging is also controlled by the ability

he cutter to cut and the pump to transport the material and/or the

sp, >d with which the dredge advances over the dredging area. The latter

frequently the limiting factor in shallow banks of easily dredged

rial. The factors in the following figure are suggested to consider

effect of bank height, Factors are 1.0 where the bank height equals

:utter diameter. Factors do not exceed 1.1 regardless of Lank height.
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The arrows and dotted line in the figure present an exarple of how

bank height affects production. A 24-inch dredge dredging in i hank with

an average height of 4.5 feet would have a bank factor of about 0.7"1.

The production rate can also be affected by the type of material

dredged. Precise evaluation is difficult, particularly since bottom

material is generally not of uniform consistency or density and precise

data pertaining to it are usually lacking; however, the effect can be

determined within an acceptable degree of accuracy. Because the hourly

production rates in table B-3 are prepared for free-flowing sand having

an in situ density of about 2,00C grams per liter, the production rates

can be adjusted by factors to account for variations in the average

in situ densities of different relatively free-flowing materials such

as mud, silt, sand, or mixtures. The following figure gives the factor

for different in situ densities. The chart is only for free-flowing

materials and must not be used for fat or stiff clay, heavy gravel,

cobbles, or broken stone. For the latter type materials, adjustments

should be based on similar work.

6.0

J 0

S4.0

S2.0

0

1200 1400 1600 1800 2000

In situ desity (grams per liter)

Figure B-2 - Multiplying factors for in situ

densities
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The operation of booster numps presents several problems. These prob-

lems are normally more acute when starting a job and subside somewhat with

experience. To account for the reduced production caused by the intro-

duction of boosters, multiplication factors are used. These factors are

assumed to be 0.8 for each booster pump used for jobs of up to 1-month

duration and 0.9 for jobs that last longer.

Other correction factors (such as narrow channel (reduction), debris

(reduction), ladder pump (15 to 30 Percent increase)) may be necessary

to estimate a production rate. These factors would be applied as required.

After all applicable factors are established, the product of the

factors is multiplied by the chart production rate. The resulting figure

is the net production or hourly dredging rate.

2. Time - Actual dredging times are less than 24 hours Per day and

30 days per month. Pumping interruptions associated with dredging operations

such an handling pipelines, handling anchor lines, clearing pump or cutter-

head, tsu~ing location of plant on the job, passing vessels, repairing

minor breakdowns, refueling, and waiting for attendant plant must be con-

sidered. A significant factor in the St. Paul District has been placement

site setup and maintenance with related noneffective time. The number of

daily operating hours (effective pumping time) must reflect these interrup-

tions (exclusive of unfavorable weather).

The number of operating days per month is less than the number of days

in the month because of holidays, inclement weather, exposure, major

breakdowns, major moves, high river st-. es, and operating schedules less

than 7 days per week. After the number of operating hours per day and

number of operating days per month are established, they are multiplied with

each other and the hourly net production to arrive at the monthly production.
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3. Com arison of actual production and theoretical production -

Me St. Paul District's experience with the 1,800-horsepower, 20-inch

hydraulic dredge Wm. A. Thompson shows an 860-cubic-yard per hour

production rate over a 5-year period. This production rate was developed

from channel maintenance dredging on the Upper Mississippi. The average

depth of cut (face) is 2.2 feet. Comparison of the Thompson's production

with a 2.2-foot cut against a 20-Inch dredge (4,000 feet of pipe) in

table B-3 shows the actual production is greater than the estimate in the

table. One reason is that the Thompson has a faster swing speed than

dredges used for the bank factor chart data. Whenever available, in-

dividual dredge perfc rmance records should be used to estimate nroduction

rates to provide more reliable estimates. Excellent swing capability is

very important to provide good production in shallow face dredging on the

Mississippi River.

Suitabil itv

The advantages of hydraulic dredgine include:

1. Me dredging operation is continuous.

2. Mhe cutterhead sweeps the area without interruption and the material

is pumped away.

3. The volume production capability exceeds any other dredging method.

4. fhe nipeline slurry transport system is the most flexible placement

method available.

5. A pipeline can be floated across deep and shallow water with

direct access to placement sites.

6. A pipeline can be laid across all types of land and has minimal

impact on vegetation.

7. l'he transport system minimizes spillages because rehandling is

not required.

8. llydraxilic dredging is labor effective.

9. Pipelines are less disruptive to communities than other forms

of land transport.
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The disadvantages of hydraulic dredging include:

i. The setup time is lengthy.

2. Placement site selection is limited by pipeline reach an]

pumping power.

3. The individual job size limits reasonable mobilization time and cost.

4. The volume of material transported to the placement site consists

of 80 to 85 percent water and the water must be released witb solids and

potential pollutants resuspension.

5. To avoid encroachment beyond the placement site the slurry must be

retained (a major cost consideration).

6. Small placement sites are not suitable for hydraulic placement.

COMPARISON OF MECHANICAL VERSUS HYDRAULIC DREDGING ECOUIPMENT

General

Dredges are tools and, as such, work well within their designed capa-

bility. The mechanical dredge is an all-purpose tool to dredge various

materials from sand to loose rock. Its mobilization time is minimal and

therefore well suited for small dredging projects. Normal barging of

dredged material allows great freedom of transport distances on a navigable

system, but barge draft limits access. In comparison, a hydraulic dredge

is a more specialized unit designed to dredge fine-grained material to

sandy gravel. Setup of its pipeline system restricts efficient operation

to larger dredging projects. The pipeline provides optimum access capa-

bility to adjacent placement sites. However, the slurry production requires

larger placement sites. The high production capability allows quick re-

sponse and excellent cost efficiency with suitable placement sites. How-

ever, long distance transport is prohibitive unless large quantities are

available. The hydraulic dredge is better suited to sweep channels with

small dredging faces.

Initial investment is significantly greater for hydraulic than mechanical

dredging equipment, and a hydraulic dredge has less flexibility for multiple-

purpose applications.
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Figurs B-3 - Relationship of c ,st to distance from dredge cut tr

placement site

T'he initial costs (points A and B) vary with the project size in dis-

tributing the mobilization and Initial setup cost. Points A and B will be

reversed o;' s-all dredging projects. The project size will also affect

the intersection (point C). On extremely large projects, a hvdraulic
pumping distance Lf 15 miles has proven economically feasible. Once

particular equipment, scope of the dredging lob, and placement site have

been identified, a project relationship can be developed.

Placement and Rehandlin Consideration

A placement site for material dredged mechanically must have enough

capacity to store the material. Berming is not required unless the material

is organic or silty. Equipment has to be used at the site to distribute
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the material mechanically. Facilities must be available to allow barge

unloading and transportation to the site or across the area. The barge

unloading and material distribution are the most significant cost factors.

A placement site for material dredged hydraulically must have capacity

to store the material and the slurry water for a sufficient period to

allow settling of the material. The capacity varies with particle size and

density. Under the worst condition (total retention required), the

capacity would have to be five to six times the dredged material volume.

Berming is generally required to prevent encroachment beyond the placement

site. The site must be within reach of the pipeline from the dredging

operation. However, access to the site and distribution of the material

are generally very nominal considerations because flexible pipeline can

reach the site and all areas within the placement site. Foundation condi-

tions are not a concern except for construction of bermed facilities.

Tn summary, access and distribution of the barged material is the

significant factor in mechanical dredging. In hydraulic dredging, the size

and proximity of the placement site and berming requirements are significant.

Using a hydraulic system to rehandle mechanically dredged material from

barges gains advantages of both dredging systems.

DREDGING FLEET REQUIREMENTS

GREAT I has recommended equipment on a site-by-site basis without

balancing total system requirements. GREAT I did not define specific

rehandling sites or methods. Generally, GREAT I recommended that the

Corps of Engineers develop rehandling methods and standards with the con-

cerned State. Therefore, dredging requirements of the navigation system

and a more detailed material placement site evaluation are required to deter-

mine the overall equipment needs.

RELATIONSHIP OF DREDGING EQUIPMENT AND PLACEMENT SITE SUITABILITY

Placement site suitability to hydraulic or mechanical dredging equip-

ment was reviewed. Hydraulic handling of the dredged material at or to

the placement site is required or the only reasonable method at the follow-

ing sites:
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1. Minnesota River - Peterson Bar, Cargill, and Savage - Material

qualitv denies reasonable mechanical rehandling to inland site.

2. Site 3.34 - Railroad tracks must be crossed.

3. Site 2.34 - Lack of barge access and excessive trucking route.

If method to rehandle 17,000 cubic yards of contaminated material cannot

be devised, trucking will have to be investigated.

4. Site 2.02 - Mechanical rehandling of excessive volume is un-

desirable compared to direct hydraulic dredging.

5. Site 3.09 - No rehandling site provided. ilconomically and

socially desirable to pump - 32,000 cubic yards.

6. Site 3.27 - Only known reasonable method of access - 25,000

cubic yards.

7. Site 4.24 - Only reasonable method - 89,000 cubic yards.

8. Site 5.26 - Only known access.

9. Site 5A.32 - Most reasonable method to avoid trucking 25,000

cubic yards annually and allow partial direct placement.

10. Site 6.17 - Only reasonable method of reaching park in Vinona.

11. Site 8.22 - Only available access.

12. Site 9.03 - Only viable source without hauling through downtown

Lansing.

13. Site 9.07 - Only viable access across railroad tracks.

14. Site 9.33 - only viable access without hauling through park or

private residences. Highly desirable.

15. Sites 10.01, 10.03, 10.04 - Only reasonable access. Lack of

suitable access and handling sites.

16. Site 10.40 - No reasonable rehandling site or access.

The following table summarizes the distances and volume of dredged

material at the GREAT T sites where hydraulic placement is desirable.

B-22



Table B-4 - Summary of hydraulic placement
Average annual volume

of dredged material
Distance (cubic yards)

From cut to placement site

Less than 5,000 feet 26,000
5,000-10,000 feet 89,000

2-3 miles 133,000
3-4 miles 22,000

4-6 miles 26,000

6-10 miles 9,000

Total 305,000

From water to placement site

Less than 1.000 feet 162,000
1,000-2,000 feet 41,000
2,000-3,000 feet(1 )  3,000

3,000-5,000 feet 99,00

Total 305,000

(1) Includes Chippewa River sediment trap.

At the other placement sites, mechanical rehandling is essential because

of site characteristics or location. The following table summarizes mechani-

cal placement.

Table B-5 - Summary of mechaaical placement
Average annual volume

of dredged material

Distance (cubic yards)

From cut to placement site

Less than 5,000 feet 37,000
5,000-10,000 feet 46,000

2-3 miles 53,000
3-4 miles 11,000
4-6 miles 16,000

6-10 miles 19,000

Total 182,000

From rehandling site to placement site

Less than 150 feet 153,000
150-300 feet 9,000

300-1,000 feet(1 ) 1,000

1,000 feet-4 miles 19,000

Total 182,000

(1) Almost all sites in this category are from 3 to 4 miles.
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The characteristics of the placement sites which could be used

effectively with either mechanical or hydraulic equipment are surmar-

ized in the following table.

"able B-6 - Summary of sites at which material could be placed with
mechanical or hydraulic equipment

Average annual
volume of dredged mate-

Distance rial (cubic vards)

From cut to placement site

Less than 5,000 feet 92,000
5,000-10,000 feet 138,000

2-3 miles 75,000
3-4 miles 32,000
4-b miles 46,000
6-8 miles 44,000
8-10 miles 14,000

Total 441,000

Overland to placement site

Less than 150 feet 284,000

150-300 feet 50,000
300-500 feet 9,000
500-800 feet 15,000

800-1,000 feet 51,000
Over 1,000 feet 32,000

Total 441,000

SITES SUITABLE FOR HYDRAULIC DREDGIVIG

Table B-7 was developed to illustrate Mississippi and St. Croix River

dredge cuts and placement sites suftable for hydraulic dredging; table

B-8 illusti tes similar data for the Minnesota River. Table B-7 illus-

trates that 345,000 cubic yards (average annual) of material can be

dredged hydraulically within 6,000 lineal feet over water plus up to

2,400 lineal feet overland except :it site 4.24 where special overland

distance would approach 6,000 feet. The Minnesota River (table B-8) was

analyzed separately because only a small- or medium-sized dredge can operate

on the narrow channel. Annually, I ,000 cubic yards could iredged by
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existing contractor hydraulic capability on the Minnesota River. The

materials encountered on the upper portion of the Minnesota River are fine

sand and silt. Rehandling of this material with mechanical equipment is

extremely difficult and direct hydraulic dredging was selected. The

balance of 568,000 cubic yards is well suited for mechanical dredging

with barge transport because of the long haul distances. In some in-

stances, the placement sites are suitable only for mechanical placement.
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fable B-7 - Dredging and placement sites suitable for direct hydraulic

........ p1acement. Mississippi and St._Croix Rivers

Distance (feet) Average annual volume
Placement Over Over- of material dredzed

Cut . site____ water____ land. (cub .vi ards) .. .

St. C 1 SC 12 2,000 1,000 1,000
St. C 1 SC 13 2,000 1,000 1,000
St. C 2 SC 21 8,000 0 1,000
St. C 3 SC 1-6 4,000 500
St, C 3 SC 22 4,000 500 10,000
St. C 3 Sc 18 4,000 0
St. C 3 SC 2S 4,000 500
2-2 2.35 6,000 1,500 6,000
2-3 2.35 6,000 1,500 11,000
2-7 2.14 6,000 2,000

48,000
2.40T 2,000 800
2.02 4,000 2,000

3-1 3.09 6,000 2,000 12,000
3-5 3.27 6,000 1,500 15,000
3-8 3.46 2,000 600 1,000
3-9 3.42 4,000 600 2,000
4-1 4.02 3,000 1,000 3,000
4-5 4.24 3,000 6,000 16,000
4-Chip. 4.24 5,500 6,000 73,000
4-8 4.57 6,000 1,300 2,000
4-10 4.63 2,000 900 5,000
5-2 5.30 2,000 500 8,000
5-3 5.30 2,000 500 13,000
5-4 5.30 4,000 500 17,000
5A-3 5A.32 4,000 900 12,000
5A-6 5A.23 2,000 600 1,000
6-2 6.17 6,000 1,200 2,000
6-3 6.17 4,000 1,200 11,000
6-4 6.17 6,000 1,200 4,000
8-4 8.30 6,000 800 26,000
8-5 8.30 6,000 800 17,000
9-3 9.26 6,000 200 9,000
9-6 9.11 6,000 600 9,000

9.33 6,000 1,700
10-3 10.01 4,000 600 3,000
10-7 10.40 4,000 2,400 4,000
10-09 10.16 4,000 600 2,000

Total 345,000
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Table B-8 - Dredging sites suitable for hvdraulic dredging,

Minnesota River
Average annual volume

Placement Distancu (feet) of material dredged

Cut site Jver water Overland (cubic yards)

KN-2 2 ,000
M'- 3 10,000
MN-4 1,000

Total 15,000

SITES SUITABLE FOR MECHANICAL DREDGING

Where dredging is done mechanically, the rehandling process re-

quired must be considered in detail to determine if the material would

best be rehandled by mechanical or hydraulic methods.

RehandlingConsiderations

Factors which must be considered in the selection of a rehandling

method include:

1. Access to placement site

a. Identification of unloading site closest to placement area.

b. Dredging required to gain access to a rehandling site
within a reasonable distance from the final placement site.

c. Feasibility of hydraulic barge unloading to minimize off-
channel dredging or long distance indirect transport.

d. Impacts (social and environmental) of gaining access.

2. Rehandling distance

a. Equipment suited to transport material from unloading
site to placement area limits.

b. Impacts of intermediate stockpiling.

B-27



3. Site conditions

a. Vegetation - clearing required for alternative equipment.

b. Site capacity.

c. Drainage.

d. Foundation condition - water level.

e. Physical barriers such as streams, railroad ankmcat ,
or buildings.

f. Adjacent features which could be affected by alttriative
methods of placement.

g. Site preparation required for alternatives.

4. Tmpacts of alternative rehandling system on bisic dre[lin.-
operation

a. Mobilization of rehandling syste with mT.chanica 1  r:.

b. Availability of rehandling equipment to support ir,

c. Preparation time for alternatives to gain accuss.

d. Reliability of rehandling equipment.

5. Feasibility

a. Cost-effective rehandling equipment.

b. Existing equipment design.

c. Availability in public or private sector.

d. Public acceptance.

e. Potential permit requirements.

This list is not complete but indicates multiple factors that must be

considered. GREAT I was not able, because of time, funding, data, and

agency differences, to develop a comprehensive barge unloading and re-

handling plan for the CMP. Cost estimates were made without

complete data, methodology, or system-oriented analysis and are of

limited value without further refinement.
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A brief discussion of the advantages and disadvantages of rehandlinz

equipment options follows:

1. Mechanical uni:'ading by backhoe or line crane

- .-Xvantages - availability, nroven canabilit., efficlt.::cv,

very portable bv barge without disassembvy,hI vtn it!l -,tst.

- Disadvantages - limited reach requires :i!!e , i ;ic

to lanl ind additional r-ha.Yin , r i: '!:: '. - -.. t it

2. 1-unloaline barges

- . gant.nes - low manp .'r, _ .i *er I-. ''-:

Disa,!vantazes - units are costlv, .viti'!*.its...'.

qiirzd, feas Ibi I i t, quest i-nah Ie -vt i t u-r-i 7 -r

disadvantage:; sli~ular to those o i

3 Front-end loader

Adv;.tiges - -.'insp.rt reac-h increase, it';: initia! 2. t, proven

capalbility, ,orta5 le.

Disl-.vantaes - small capacity, limited o'peration in dreied

matorial i ! soft soil conditions, barge must Ie secured close

to unIL lding site.

4. Belt convevors

Advantages - high production caabilitv, low operating labor,

potential reach capabilitv.

Disadvantages - belt con.evors pose greater mobilization effort,

limited capability with saturated material, initial stockpiling,

and subsequent rehandling.
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5. Hydraulic dredge

Advantages - efficient; high volume; proven capabilitv

highly mobile: excellent accessibility across water, land,

and any terrain; excellent reach.

Disadvantages - slurry water in placement area, setup time for

long distances without permanent lines, similar to direct

hydraulic dredging limitations but smaller scope.

6. Dozers

Advantages - availability, proven capability, efficient for

short distances, portalle.

Disadvantages - high maintenance, limited reach, labor inten-

sive, operation limited in wooded areas.

7. Scrapers

Advantages - higher volume and range than dozer, proven

capability.

Disadvantages - initial cost, limited reach/volume capacity,

mobilization, terrain limitations.

8. Truck

Advantages - reach, availability, highly mobile.

Disadvantages - limited capac4, limited operating terrain,

cost.
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Trial Selection - Rehandling System

One largoe- or two medium-sized mechanical units can dredge 560,000

to 573,00 cubic yards per year. Two mechanical units would allow differ-

L ro',[
- 

rehandling units with each primary dredging unit.

Various rehandling units were revie'4ed and two were selected for

fcrtoher consideration at each placement site:

i. >,;hanical unloading with a hydraulic backhoe - clamshell or

oiiventinnal cable clamshell with two dozers. This method was considered

-.vicre bare. access tc the nlacoment area is readily availoble, ria-ement

i is o, 1: ited size, and the ma.imum transport distant- is less tan

* ,eet. .iucks wtuld be needed to supplement long haul

. ai 1 i dvdraul ic dredge '.It. smaller dozers. ll.is oIetho 
I 

would

-c, w 7er, barge i.- ss is li-.te,, transpvrt distances are r-.,er

.:;; .i. than ,00.11 feet, access is poor, foundation is poor, the

ste '. a lv wooled, anJ access through highway or rai'road errankm no s

is ,c -,nst iable by- ipeline.

• ! ,ati ,:o to GRIFH, I C TP

[t<&, d-9 and 13-10 illustrate a logical allocation of rehandling

-a i , .r harge-t ransporte,! material. Mechanical rehandling appears

most vlafle f7or about 28S,000 cubic yards. Hydraulic rehandling appears

most viable for about 283,000 cubic yards. Two medium-sized units could

iiandie these quantities. However, other factors must be evaluated and

reviewed before implementation:

1. Hvdraulic rehandling - Setup time must be minimizeu to allow full

mechanical dredging capability. Permanent land pipelines should be evalu-

ated at high-volume, more remote sites such as 5.26, 9.33, and 10.40. The

quantity of permanent pipeline should be adjusted on the basis of experience.
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Permanent culverts must be established through highway and railroad e-" ank-

ments. If States will not permit in-water rehandline, a direct pump- ,t

system must be considered. Because material generallv is not available

at placement sites, berms to restrict encroachment should be built as an

area is used.

2. Mechanical rehandling - ;ypes of hydraulic or cable machines

should be evaluated to determine optimum unit selections. Access should

be surveyed and preparation anticipated (including clearing and dredginrg.

3. Barge characteristics - An optimum barge suitable to either

rehandling method would have to be developed. Initial review indicates

a barge capacity of 300 to 350 cubic yards would be desirable to reduce

or limit quantity and tender requirements. Sizes larger than this

would adversely affect barge draft or length which would adversley af-

fect access or dredge advance, respectively, during dredging under heavier

currents.
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Table B-9 - Mechanical Ored gn- with mechanical rehandi inc
Averave an-irl.la

Dredce Placement Dhistance v,, Iume
cut site 'ver wtter Overland . Ct.hiC ,,'~r is

MINN-I 2.18 6,000 3,000
St. C-I SC 16 6 mi. 0 10,000
St. C-3 SC 24 6 mi 200 9,000
USAF-1 US 3 4,000 200 9,000
USAF-2 US 2 8,000 200 18,000
USAF-3 US 2 4,000 200 11,000
1-1 1.01 5 mi. 200 7,000
1-2 1.01 4.5 mi 200 2,000
1-3 1.01 4 mi 200 10,000
1-4 1.01 3 mi 200 14,000
1-5 1.01 2 mi 200 12,000
1-6 1.01 8,000 200 15,000
1-7 1.01 4,000 200 16,000
2-1 2.30 4.000 150 1,000
2-4 2.10 9.5 mi 1/4-2 mi 10,000
2-5 2.10 5 mi 1/4-2 mi 7,000
2-6 2.10 8,000 1/4-2 mi 2,000
2-7 2.13 2 mi 200 2,000
2-8 2.16 1 mi 200 5,000
2-9 2.37 8,000 200 9,000
2-10 2.18 4 mi 30 1,000
4-3 4.18 2.5 150 1,000
4-4 4.18 4,000 150 1,000
4-6 4.48-4.37 5 mi 4 mi

4.48-4.38 5 mi 4 mi
4-7 4.54 2 mi 350 3,000
5A-l 5A.25 3.5 mi 200 5,000
5A-2 5A.25 2 uij 200 3,000
5A-4 5A.25 2 mi 200 10,000
6-5 6.27 2,000 150 2,000
6-6 6.27 2.5 mi 150 3,000
7-1 7.20T 2,000 200 4,000
7-2 7.20T 3 mi 200 3,000
8-6 8.06 6.5 mi 200 35,000
8-7 8.06 5.0 mi 200 5,000
8-8 8.06 4.0 mi 200 3,000
8-9 8.06 2.0 mi 200 4,000
8-10 8.28 4,000 250 6,000

8.06 4.0 mi 200
9-1 9.47 6.0 mi 200 1,000
9-2 9.47 2,000 200

9.26 4 mi 200 1,000
9-3 9.47 5 mi 200

9.03 2 mi 200 (city 3,000
trurt__

Total 285,000
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(1)

.ahle -1_O -Mechanical dredging with hydraulic rehandlinc
Distance from Average annual

Drcdce Placement Distance to rehandlin1 jft_ volume

cotL ... .site rehandlin Over water Overland _cubic vards'_

3-2 3.09 2 mi 1,000 2,000 7,000

3-3 3.09 3 mi 1,000 2,000 11,000
3-4 3.27 4 mi 1,000 1,500 11,000

3.09 6 mi 1,000 2,000
3.34 7.5 mi 1,000 1,800

3-6 3.27 2 mi 1,000 1,500
363.09 10 mi 1,000 2,000 4,000

3.34 2.5 mi 1,000 1,800
3-7 3.34 2.0 mi 1,000 1,800 8,000

3.46 3.0 mi 1,000 600
4-2 4.02 3.7 mi 1,000 800 6,000

4.20 3.0 mi 1,000 400

4-3 4.02 4.0 mi 1,000 800 10,000
4.20 2.5 mi 1,000 400

4-4 4.25 2.5 mi 1,400 1,000 19,000
4.20 5,000 1,000 400

4-7 4.57 2 mi 1,000 1,300
4.49 2,000 ft. 1,000 400 7,000
4.47 8,000 ft. 1,000 400

4-9 4.57 2 mi 1,000 1,300 11,000
4-11 4.57 4.5 mi 1,000 1,300 2,000

5-1 5.30 2.5 mi 1,000 300 3,000

5-5 5.26 5.0 mi 1,000 3,000 10,000
5-6 5.26 4.0 mi 1,000 3,000 14,000

5-7 5.26 2.5 mi 1,000 3,000 9,000

5-8 5.26 2.0 mi 1,000 3,000 3,000

5A-1 5A.23 3.5 mi 1,000 900 6,000

5A-2 5A.32 2 mi 1,000 900 4.000

5A-5 5A.23 3.5 mi 1,000 600 18,000

6-1 6.17 2.0 mi 1,000 1,200 7,000

7-2 7.06 10 mi 1,000 1,000 6,000
7.05 9 mi 1,000 600

7-3 7.06 8 mi 1.,000 1,000 9,000

7-4 7.06 6.5 mi 1,000 1,000 18,000

7-5 7.06 4.5 mi 1,000 1,000 2,000

7-6 7.05 8,000 ft. 1,000 600 16,000
7-7 7.06 2,000 ft. 1,000 1,000 2,000

8-1 8.22 1 mi 3,000 800 1,000

8-2 8.22 3,000 ft. 3,000 800 1,000

8-3 8.30 2 mi 1,000 800 6,000

9-4 9.07 2 mi 1,000 1,800 13,000

9-5 9.07 8,000 ft. 1,000 1,800 3,000
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Table B-I. - Mechanical dredgin -with hydraulic rehand]inc (corp
Distance from Average :inual

Dredge Placement Distance to rehandlinc! (ft)_ vo]ue

cut site . rehandlin Over water Overland (cubic Vards

9-7 9.15 2.5 mi 3,000 500 1,000
9.11 4.0 mi 1,000 600
9.33 4.0 mi 1,000 1,700

9-8 9.15 2.0 mi 3,000 500 9,000
9.11 5.0 mi 1,000 600
9.33 5.0 mi 1,000 1,700

9-9 9.15 6,000 ft 3,000 500 8,000
9.11 6.5 mi 1,000 600
9.33 19 mi 1,000 1,700

9-10 9.15 6,000 3,000 500
9.11 7 mi 1,000 600 2,000
9.33 7 mi 1,000 1,700

10-1 10.02/10.04 3 mi 3,000 600/3.5 mi 1,000
10.02/10.04 3 mi 3,000 600/3.5 mi

10-2 10.04 4,000 ft 3,000 600 5,000
10-4 10.01 8,000 1,000 600 1,000
10-5 10.41 8,000 1,000 500 2.000
10-8 10.40 2 mi 1,000 2,400 12,000
10-09 5,000

10.40 4 mi 1,000 2,400
10-10 10.17 4,000 ft 1,000 400 1,000

10.40 5 mi 1,000 2,400 1,000

Tota 1 283 ),00

(1) Basic requir,.ent is 3,000 feet over water, onIv I I ,000 yards rect i red
,ver 1,500 feet. Two sites require over 2,nO0 feet of shore pipe. These two

should hive permanent pipe. Additional permanent pipe can be considered if

require,, for efficiency.
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EQUIPMENT SELECTION FOR THE CMP

On the basis of the preceding discussion and analysis, the follow-

ing equipment mix appears suitable and feasible to implement the C41'.

1. A large hydraulic dredge with 6,000 feet effective pontoon

line reach and 2,000 feet of shore pipe. Pump capacity should antici-

pate a lift of 30 feet. This unit would dredge under emergency condi-

tions and volumes beyond the mechanical dredging capacity. Temporary

placement sites would be used when direct access to GREAT T sites was

unavailable.

2. Two basic mechanical dredging units cons ,:iThg of hydraulic

hoe or clamshell or conventional cable crane clamshell. Each unit is

capable of producing 350,000 to 400,000 cubic yards in a 5-incntl'

period. Adequate barge and tender capability would be reeded t - tc -

port the dredged material over the water distance.

3. One hydraulic hoe or clamshell or cable crane climsh,:1 with

dozers for rehand]ing at the placement site.

4. (ne hydraulic rehandling dredge, possibly a direct pirnp-out

unit with an effective reach of 3,000 feet over water and 2,000 feet

overland. Pump capacity should anticipate a lift of 30 feet.

S. Additional auxiliary equipment to complete three packages.

Although the equipment package described above is believed to be

capable of implementing the CMP, further economic and alternative

evaluations are required. The Clean Water Act, Sections 402 and 404(t),

could significantly affect the rehandling methods and placement site

requirements. This equipment package would minimize the physical im-

pacts without water quality provisions when dredging uncontaminated

sediment. If regulations require substantial retention time with

uncontaminated sediments, cost relationship of hydraulic to mechanical

dredging and rehandling would change significantly.
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An economic evaluation of direct hydraulic versus mechanical dredging

with rehandling at varying distances is required. Rehandling techniques

considering volume, distance, and access should be reviewed further.

Each placement site should be field surveyed to ensure that access is

realistic and compatible with the tentative equipment application. These

evaluations and regulatory clarifications must be made before a long-term

equipment determination or a commitment to fully implement the CMP can

be realized.
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APPENDIX C

DREDGING REQUIREMENTS FOR THE 9-FOOT
NAVIGATION CHANNEL

INTRODUCTION

This appendix summarizes some of the important variables that affect

the dredging requirements of the 9-foot navigation channel. More details

on these and other variables are in the Dredging Requirements and Channel

Maintenance Appendixes of the GREAT I report and the 1974 environmental

impact statement (EIS) on the operation and maintenance of the channel.

HISTORIC DREDGING VOLUMES

Maintenance dredging of the 9-foot channel in the GREAT I reach of

the Upper Mississippi River started in 1937. Several factors are perti-

nent in the selection of a period of the dredging records that would be

representative of the channel maintenance dredging requirements:

1. From 1937 through 1945, pools 1 through 10 and the St. Croix River

were heavily dredged. In 5 of the years, the volume dredged exceeded

3 million cubic yards. In 1937 and 1938, the volumes exceeded 4 million

cubic yards. Much of this dredging was done to provide the authorized

depth and width of the channel.

2. Upper and Lower St. Anthony Falls pools and the Minnesota River

were added to the system in 1964 and 1967, respectively.

3. Before 1974, maintenance dredging was generally done to a depth

of 13 feet below the low pool level.

4. Volumes were very low from 1975 through 1979 as a result of

several factors including low flows and reduced-depth dredging.

5. Large floods occurred in 1952, 1965, and 1969.
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6. From 1950 through 1979, the Chippewa River contributed its

largest volumes of sediment in 1951, 1954, 1968, and 1973.

7. Although summary data on volumes extend back to 1937, more de-

tailed data are available only back to 1956.

8. Starting in 1956, the Dredge Thompson was scheduled for

dredging outside the St. Paul District on a regular annual basis,

shortening the period when it was available for use in the District.

The base period selected by GREAT I was the 20-year period 1955

through 1974. Eight other periods were analyzed to see how representa-

tive the sample period was. Tablc C-1 preseitcs a summary of the sensitivity

analysis for dredging volumes for separable reaches of the GREAT I area.
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Following are some conclusions regarding the sensitivity analysis of

the selected base period:

1. On an individual pool basis, the average volume of material

dredged is considerably affected by the period of record chosen. The

selected period can make an even greater difference on an individual cut

basis. In pools 1, 2, 5A, and 6, the selected volumes for the pools

appear low. On the Minnesota and St. Croix Rivers, the selected volumes

appear high.

2. The average annual volume dredged in the District (about

1.5 million cubic yards) appears representative of the historic record.

3. The volumes dredged at any individual cut, when based on the

average volume over a period of years, should be used with caution. These

volumes can be affected significantly by site-specific actions that may

not be identified in the records. Average annual volumes at specific

sites should be used recognizing that volumes may vary significantly

and that any placement site selected should be capable of handling

volumes higher than the average annual estimates.

TRIBUTARY SEDIMENT SUPPLY

Tributaries carry both fine and bed load sediment into the Mississippi

River. These sediments affect the navigation channel and backwater areas.

Bed load sediment is of principal concern in channel maintenance.

Of the nine major tributaries in the GREAT I reach of the 9-foot

channel, the Chippewa River is the largest contributor of bed load sedi-

ment. The relationship of bed load sediment and water discharge for the

lower Chippewa River as it enters the Mississippi River is illustrated

in Figure C-1. As the figure shows, the discharge of bed load sediment

increases exponentially with respect to the water discharge. (For a water

flow of 40,000 cfs (cubic feet per second) the bed load sediment flow is

about 100,000 tons per day. With a water flow of 80,000 cfs, the bed load
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sediment flow is about 400,000 tons per day.) Thus, the greatest volume

of bed load sediment is being moved to the delta of the Chippewa River and

the Mississippi River during major floods on the Chippewa River. Simons

and Chen " estimated that the average annual amount of bed load sediment

reaching the Mississippi River from the Chippewa River is 450,000 cubic

yards per year (610,000 tons per year).

(1) Simons, Chen, et al., "Investigation of Effects of Chippewa-River
Erosion and Silt Reduction Measures," Colorado State Unl---sity, Fort
CGollins, Colorado. September 1980.
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This average annual sediment load is based on the average yearly flow

at 2-year recurrence intervals. The estimate of an average annual sediment

bed load reaching the Mississippi River from the Chippewa River ranges

from 540,000 to 450,000 cubic yards per year. The higher figure is ob-

tained by using projected 1990 conditions, the lower figure by using pro-

jected 2040 conditions. The average from 1950 through 1979 was

550,000 cubic yards per year using historic water flow data and the

Simons and Chen water discharge and bed load sediment flow relationships.

Thus, the estimates indicate that more than 450,000 cubic yards of bed

load sediment come from the Chippewa River annually. The average annual

dredging quantities in lower pool 4 are about 219,000 cubic yards.

Slightly less than half of the bed load sediment entering lower pool 4

must be dredged as it passes through the lower pool to ensure a navigable

9-foot channel.

Colorado State University investigated several alternatives to reduce

the dredging requirements in lower pool 4 through tributary bed load

sediment control on the Chippewa River. Table C-2 summarizes the estimated

effectiveness of the major alternatives. Most of the sediment traps and

low-head dams would reduce dredging requirements by at least 50 percent.

However, with the sediment traps, the total dredging requirements are

greater because the material is dredged before it enters the main channel

of the Mississippi River. The total dredging requirements of the low-head

dams are less than the without dams condition because the dams keep the

bed load sediment in the Chippewa River and cause aggradation of the bed

in the reach of the river just upstream of the dam. Eventually, dredging

must be done behind the dams to maintain the dams' sediment trapping

efficiency. However, the volumes dredged would be less than those with

the sediment traps.

The benefits of reducing the bed load sediment reaching the Missis-

sippi River are estimated to extend downstream only as far as river

mile 757 in lower pool 4.
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Colorado State University's economic analysis showed that the largest and

most readily quantifiable benefit of these alternatives was savings in dredg-

ing costs. The evaluation showed the low-head dams would be economically

feasible and the 10-foot low-head dam would be the most economically feasible.

The sediment traps would not be cost effective. However, in the evaluation,

per cubic yard dredging costs for the sediment traps were estimated as being

higher than the unit costs for dredging in the navigation channel. Under

certain conditions, the unit costs of dredging a sediment trap near the mouth

of the Chippewa River could be less than those for navigation channel dredging,

in which case sediment traps would be cost effective. Further evaluations are

needed to determine which method would be most cost effective and environ-

mentally and socially acceptable and if appropriate State permits would be

issued for the apparent best plans.

WIDTH AT BENDS

The width of the navigation channel can significantly affect the volume of

material dredged. The width at bends is of particular concern to navigational

interests because bends are often difficult to negotiate under adverse weather

and river conditions. Extra channel width is highly desired, especially

by less experienced towboat operators. Variables affecting the width of

channel required for safe navigation at a bend include radius of river bend,

length of tow, shape of tow, location of the center of mass of the tow, tow

velocity, river velocity, width of tow, draft of tow, depth of channel, total

river surface width, angle of current velocity to tow longitudinal direction,

and operator proficiency. Channel widths at bends have been maintained up to

550 feet, and overwidth or advance dredging was done as equipment and funds

allowed. Different interests may not agree on whether to increase or de-

crease channel widths at bends, so any proposed changes should consider the

potential environmental impacts, dredging costs, and navigation safety.

Table C-3 lists the dredge cut locations at bends in the GREAT I area

which were listed as candidates for potential width changes.
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Table C-3 - Dredge cut locations at river bends which are considered potential
candidates for changes in the width of the channel maintained at the bend,

Upper Mississippi River, GREAT I area(l)

Potential
width

Pool Cut Cut name River mile Bend name River mile change (feet)

2 5 Grey Cloud Slough 827.5 - 828.3 Grey Cloud Slough 827.3 - 828.0 +50
2 3 Boulanger Bend 820.8 - 821.4 Boulanger Bend 820.3 - 821.5 +50
2 2 Boulanger Bend 819.0 - 819.8 Boulanger Bend 818.4 - 820.3 -50

Lower Light Lower Light
3 5 Four Mile Island 807.0 - 808.6 Truesdale Slough 808.2 - 808.8 +50

Truesdale Slough
3 5 Four Mile Island 807.0 - 808.6 Four Mile Island 807.2 - 807.8 +50

Truesdale Slough
3 1 Below Diamond 798.9 - 800.5 Below Wind Creek 800.0 - 800.7 -50

Bluff
4 6 Wacouta Point 783.3 - 785.5 Head of Lake 785.2 - 785.6 +50

Pepin
4 5 Reads Landing 761.8 - 763.8 Below Reads 761.5 - 762.5 +50

Landing
4 5 Reads Landine 761.8 - 763.8 Reads Landing 762.4 - 763.3 +50
4 4 Above Crats 758.5 - 759.5 Crats Island 758.0 - 759.5 -50

Island
5 7 Mule Bend 748.6 - 749.6 Mule Bend 747.8 - 748.8 +50
5 5 Below West Newton 746.0 - 746.8 Below West Newton 746.4 - 746.9 -50
5A 3 Head of Betsy 731.0 - 732.2 Betsy Slough Bend 731.0 - 731.7 +50

Slough
7 4 Winters Landing 707.9 - 709.3 Winters Landing 708.0 - 709.0 -100
8 9 Sand Slough 694.3 - 695.0 Sand Slough 694.4 - 695.2 -100
8 6 Above Brownsville 689.9 - 690.8 Brownsville 689.7 - 690.2 -50
Q 9 Island 126 677.4 - 678.3 Island 126 677.2 - 678.2 -50
9 3 Lansing Upper 663.8 - 665.0 Lansing Upper 663.8 - 665.0. -100

Light Light
9 2 Above Mtchafalaya 660.3 - 660.8 below Lansing 660.3 - 661.0 -100

10 9 Hay Point 646.0 - 646.6 Gordons Bay 645.4 - 646.1 -50
10 7 Mississippi 642.7 - 643.3 Mississippi 642.5 - 643.5 -50

Gardens Gardens
10 4 Wyalusing Bend 628.9 - 629.3 Wyalusing bend 628.6 - 629.3 -100
10 3 Wyalusing 627.3 - 628.0 Wyalusing 627.2 - 628.0 -100
10 1 Upper Approach 615.1 - 616.0 Ferry Slough 615.6 - 616.3 -150

L/D 10

(1) Broken ,,rrow -nd 'riv-r ml )5.8) and Bad Axe Ben. (r4v-r nIL2 -,4.0-675.(
were identified as having potential for reduction in width: ihowever, these bends have
not been dredged since 1944 and 1937, respectively. Dredging is not projected at
these bends and they are not listed in the display.
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APPROACHES TO STRUCTURES

At certain locations, a vessel's ability to maneuver is extremely

important to the safety of the vessel and crew. The most critical loca-

tions are approaches to rigid structures such as bridges and locks. The

ability of a towboat with barges to maneuver is reduced as the water

depth becomes shallower. At 28 dredge cuts (see table C-4), where safety

of navigation is a key consideration, the dredging depths would be determined

on the basis of safety factors.
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Table C-4 - Dredge cut locations at approaches to rigid structures where
navigational safety would be a key consideration in determining

need for dredging, Upper Mississippi River, GREAT I area

Pool Cut No. Name

USAF 1 Above and below Broadway and Plymouth Avenue Bridge

2 Above and below Lowry Avenue Bridge

3 Below Minneapolis, St. Paul, and Sault Ste. Marie
Railroad bridge

1 1 Upper approach to locks and dam 1

4 Above Lake Street Bridge

6 Above Franklin Avenue Bridge

7 Below Lower St. Anthony Falls lock and dam

2 1 Above locks and dam 2

8 St. Paul-Harriet Island

9 Above and below Smith Avenue Bridge

10 Lower approach to locks and dam 1

3 9 Lower approach to locks and dam 2

5 8 Lower approach to lock and dam 4

5A I Upper approach to lock and dam 5A

6 Lower approach to lock and dam 5

6 3 Below Winona railroad bridge

4 Above Winona railroad bridge

5 Island 71

6 Lower approach to lock and dam 5A

7 1 Upper approach to lock and dam 7

7 Lower approach to lock and dam 6

8 10 Above and below La Crosse railroad bridge

9 10 Lower approach to lock and dam 8

10 1 Upper approach to lock and dam 10

6 East Channel

10 Lower approach to lock and dam 9

Minn. 5 Savage Bridge

St. Croix 3 Hudson
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RELATIONSHIP OF DREDGING TO EOUIPMENT NEEDS

The GREAT Channel Maintenance Plan (CMP) projects a frequency of

dredging and an average dredging quantity at each historic dredging location.

Volume projections are based on the averages of historic dredging require-

ments that have been reduced as a result of factors discussed in Volume 1

of the CMP. Projected average annual quantities for each site are com-

puted from the frequency and average job size. The sum of these provides

the average annual dredging quantity for the District.

The CMP does not attempt to project annual quantities for extreme years

when dredging requirements are substantially higher or lower than the

average. Time constraints within which dredging must be accomplished dur-

ing the season are also not considered. Years of lower requirements are

not a concern because an equipment package adequate for an average year

can handle the lower volumes. Higher than average annual quantities,

however, must be considered when recommending a placement site plan and

assembling an equipment package. GREAT recognized this need in Action

Item 8, which designates temporary or emergency placement sites closer

to the higher frequency dredging locations.

Records show that annual requirements can vary considerably because

of hydrologic conditions. In addition, response time is regulated by

site conditions and water level fluctuations. These factors limit the

time frame available to perform the required dredging.

Figure C-2 compares the time relationship with dredging quantities

in an average year (1956-1979 period of record) and in flood years

(1965 and 1969). In 1969, 85 percent of the season's dredging was accom-

plished by 20 August, the approximate midpoint. In 1965, 65 percent was

completed by the middle of the season. In an average season, 73 percent

of the dredging has been done by that date.
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The projected average annual volume (928,000 cubic yards) has been

plotted on Figure C-2 parallel to the historic average annual amount.

Appendix B addresses equipment requirements to implement the CMP. Two

medium size mechanical dredging fleets, each with a 350,000- to 400,000-

cubic yard-per-season capacity, and a larger capacity hydraulic dredge

to handle the remaining quantity would be able to implement the volumes

identified in the CMP. Capability of the two mechanical units is illus-

trated as a straight-line production from the beginning of the season

until 1 November. Additional requirements are designated for a large

hydraulic dredge. Nearly 75 percent of the hydraulic dredge's seasonal

requirements occur before I August. The 928,000 cubic yards includes

approximately 73,000 cubic yards dredged at the mouth of the Chippewa

River at a sediment trap. If effective, this quantity can be routinely

scheduled and would not be subject to the time constraints of normal

channel maintenance.

The capability of the two mechanical units is relatively fixed at

700,000 to 800,000 cubic yards per year. Therefore, the hydraulic unit

must be able to accommodate increased volumes during years of high dredging

requirements and within the limited time frame. In years such as 1965

and 1969, the capability needed is 320,000 and 400,000 cubic yards per

month. Although channel maintenance practices have changed substantially

in an effort to reduce overall volumes, conditions in 1965 and 1969

necessitated reduced-depth dredging with minimal width to be able to

respond to multiple requirements. During a season similar to an average

year, over 250,000 cubic yards per month capability is needed for the hydraulic

dredge.

The historical average (1956-1979) and 1965 and 1969 actual dredging

records indicate a large percentage of the dredging was done early in the

season (by 1 September or earlier). One reason is the scheduling of the

Dredge Thompson to work in the Rock Island District. Thus, some of the

potential high shortages indicated in June, July, and August on the

average basis may not be of critical concern; however, during peak flood

years this factor will be a major concern.
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APPENDIX D

ENVIRONMENTAL ANALYSIS OF IMPLEMENTATION

OF GREAT I REC(ThENDATIONS FOR THE

9-FOOT NAVIGATION CHANNEL

INTRODUCT ION

This report outlines three programs for implementation of GREAT I

recommendations. These programs are discussed in detail in Appendix A.

A brief summary follows:

1. Basic Program - The Corps would continue to operate and maintain the

9-foot navigation channel and comply with and incorporate as many of the

GREAT I recommendations as current funding levels and scheduling will allow.

2. lirst Priority Program - The Corps would implement the higher priority

GREAT I recommendations if they are justified and necessary funds are

received.

3. Early Implementation of GREAT I Program (GREAT I) - The Corps would

implement all GREAT I r, commendations.

This appendix summarizes the impacts of the three programs on the

major resources and users of the river and highlights significant differences

in impacts between the programs,

This appendix concerns itself only with Corps of Engineers involvement

in implementing the GREAT I recommendations. If implementation of a given

reoommendation would have significant impacts but the Corps would have little

or no involvement in its implementation (for example, Action Item 12 - upland

erosion control), the impacts of implementation are discussed only briefly,

if at all.
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this approach is that the adverse impacts of operation and maintenance

are, many times, long term and irreversible. Thus, steps to minimize

them need to be taken as soon as possible. Most enhancement measures do

not have the same urgency and are given somewhat lower priority. Another

reason for not including enhancement in the Basic Program is that enhance-

ment efforts generally are not required by any regulatory function and can

be delayed if time and funds are not available. In contrast, adverse ef-

fects associated with operation and maintenance are in many cases subject

to regulatory control and must be minimized as they occur.

Following is a discussion of the recommendations with the greatest

impact on fish and wildlife.

Action Item 1

Action Item 1 is the GREAT I CMP. Maintenance dredging has adverse

effects on fish and wildlife resources mainly through (1) degradation

and loss of habitat resulting from placement and (2) secondary movement

of dredged material from placement areas into adjacent habitats because

of erosion, primarily caused by floodwaters.

One basic criterion used in the development of the CMP was to

minimize impacts on fish and wildlife. The end result is a plan that,

over the next 40 years, would alter approximately 315 acres of Type 1-2

wetlands, primarily bottomland hardwoods and wet meadows. Of this total,

80 acres would be filled as part of the Holman Field airport expansion

in St. Paul (pool 2). Approximately 250 acres of Type 3-4-5 deep marshes

would be lost, including 30 acres at the Holman Field expansion, 76 acres

at the Weaver Bottoms fish and wildlife enhancement project, and 21 acres

at the Winona Industrial Park. Additionally, 500 acres of upland habitat,

most of which has been disturbed, would be used for placement. The prob-

lem of secondary movement of the dredged material would be essentially

eliminated in the CMP because most of the placement sites are out of the

floodplain.
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The CMP would be implemented under the First Priority and GREAT I

Programs. Habitat losses to direct placement with the CMP would probably

be less than those indicated above because of the built-in flexibility

of the plan that allows incorporation of new placement sites with lesser

impacts.

The Basic Program calls for implementation of as much of the CMP as

feasible within funding limits and equipment capability. The extent of

implementation would vary from year to year depending on annual dredging

requirements and funds available. Another important factor is that many of

the MP sites are privately owned and their availability is uncertain.

Over a 40-year,.period, the Basic Program would result in greater

habitat degradation and losses than those projected for the QMP. How much

greater cannot be accurately predicted, but it would occur for several

reasons.

Many of the CMP sites are on non-Federal lands. Whether they can be

used for placement is unknown. About 16 CMP sites in non-Federal

ownership have never been used for placement, but they are important in

the CMIP (as far as volume of placement and number of dredge cuts is con-

cerned). These sites total approximately 370 acres: 41 acres agricultural

land, 87 years old sand and gravel pit, 85 acres disturbed upland, 25 acres

upland meadow, 92 acres Type 1 wetland, and 40 acres Type 3-4 wetlands.

Material can be removed from these sites for beneficial use, reducing the

acreages needed for placement. If some or all of these sites cannot be

used, alternative sites would have to be found. These alternatives would

most probably be on Federal land, much of it undisturbed wetlands, resulting

in the loss of more valuable habitats than those on the selected CMP sites on

private lands. In addition, most of the Federal land-is not readily accessible

by land transportation, making beneficial use of the material less probable.

As a result, more habitat would be lost because of the need for increased

acreages to handle projected future volumes of dredged material. This one

actor of land ownership can substantially increase the fish and wildlife

impacts of the Basic Program compared with those that would occur with full

implementation of the CMP.
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Equipment and funding limits may also require use of lands closer

to the river than many of the (24P sites. Effects on fish and wildlife

would tend to increase because most areas close to the river are high

quality wetland habitats. Also, areas close to the river are probably

less accessible for beneficial use removal than the CMP sites,

increasing the acreages of habitat taken to provide capacity.

Action Item 10

This recommendation calls for development plans for all historic

and proposed placement sites. This effort would benefit fish and

wildlife by returning placement sites to biological productivity at a

faster rate than would be probable naturally. Also, stabilization of

sites would reduce impacts caused by secondary movement of dredged

material.

The Basic Program calls for the development plans at several sites;

the First Priority Program would have development plans for all sites.

Thus, the First Priority Program would have greater fish and wildlife

benefits than the Basic Program. However, the specific number, size,

and type of sites that plans would be developed for under each program

would have to be determined before the impacts could be quantified. The

potential fish and wildlife benefits of rehabilitating historic place-

ment sites would also depend on the emphasis placed on maintaining these

sites for recreation (see Action Item 19).

Action Item 19

This recommendation calls for maintaining primitive recreation areas

along the river, primarily on historic placement sites. Thirty of these

sites have been identified.

The biological productivity of these sites would be kept low because

the sites are maintained primarily in an open sandy condition. Also, these

sites are designed to attract recreationists and the increased human

activity would have adverse impacts on those few species of wildlife that

could make use of the habitat.
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As efforts are increased in maintaining and developing these areas

for recreational use, the First Priority and GREAT I Programs would have

increasingly adverse fish and wildlife impacts resulting from habitat

losses and increased human activity. These impacts are not quantifiable

at this time.

Policy/Funding Item 6

The Corps of Engineers would change its policy and allow private lands

to be acquired for dredged material placement. This change could sub-

stantially benefit fish and wildlife. (See the discussion under Action

Item 1 on the question of use of private lands for placement in relation

to fish and wildlife habitat losses.)

Policy/Funding Item 11

This recommendation calls for Congress to give the Corps more defini-

tive authority and funds for fish and wildlife enhancement. Under the

Basic Program, the St. Paul District would continue to operate under Public

Law 89-72 and Code 710 authorities which require that projects be on

Corps-controlled lands and a non-Federal sponsor assume 50 percent of

implementation costs and responsibility for any necessary operation and

maintenance.

On the basis of past experience, few fish and wildlife enhancement

measures would be accomplished under the Basic Program. In the 15 years

since the authorities have been in existence, only one fish and wildlife

enhancement project has been undertaken under these authorities.

Two primary reasons account for the lack of enhancement projects

under these authorities:

1. It is difficult to find non-Federal sponsors interested in fish and

wildlife enhancement projects. Enhancement projects on the Upper Missis-

sippi River tend to be large and expensive because of the nature of the

resource. It is difficult for a non-Federal sponsor to afford even 50 per-

cent of project costs. In addition, the benefits accrue to a large inter-

state public resource making it difficult for local entities to recognize

the benefits from these projects to justify local costs.
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2. The St. Paul District does not actively seek out fish and wildlife

enhancement projects. Instead, the District tends to wait for non-

Federal sponsors to come forward. This tendency, coupled with little know-

ledge of available programs on the part of the potential non-Federal

sponsors, does not stimulate interest in enhancement projects by non-

Federal sponsors.

Under the First Priority Program, the St. Paul District would seek out

local sponsors. The result of this approach may be to get the States to

act as non-Federal sponsors for some of the projects identified by GREAT I

as worthy of study (such as Weaver Bottoms, Spring Lake, Big Slough, Lake

Onalaska, and other backwater-type improvement projects). Unless the Corps

makes a conscious effort to identify small local enhancement projects that

will have identifiably local benefits and will not have significant costs,

it is unlikely that non-Federal sponsors such as cities and counties will

become very much involved even under the First Priority Program.

The GREAT I Program assumes Congress will give the Corps more active

authority to undertake fish and wildlife enhancement projects by changing

or eliminating cost-sharing requirements. Under this program, the Corps

would be able to request funds for and undertake justifiable fish and wild-

life enhancement efforts. This would benefit fish and wildlife by making

it easier for the District to accomplish justifiable fish and wildlife

enhancement measures when the opportunity arises, especially during on-

going operation and maintenance (such as dredging). How much enhancement

could be accomplished if the District were given more liberal authorities

would depend on how active the District desired to be in this area and

the ability of the Fish and Wildlife Service and the States to agree on

which actions should be implemented.

Further Study Item 21

This recommendation is for the study and rehabilitation of the Weaver

Bottoms. This project would benefit the 4,000-acre Weaver Bottoms, a

deep marsh-shallow lake area in pool 5. The project would reduce the
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scouring effect of currents entering the Weaver Bottoms and reduce wind-

induced turbidity, allowing for the reestablishment of aquatic vege-

tation. In the long term, the project should also reduce the rate o'f

sedimentation throughout the backwater.

Under the Basic Program, the Corps would be active in the planning and

implementation because the project has the long-term potential to provide

a use for the dredged material from the lower four cuts in pool 5 (approxi-

mately 1,658,000 cubic yards of material). The Corps would be able to

participate in cost sharing for any structures needed for the project.

The First Priority and GREAT I Prograus would be essentially the same

as the Basic Program unless Congress changes Corps authorities (see Policy/

Funding Item 11).

Further Study Items 23, 24, and 25

These three recommendations are for studies to develop protection for

and/or rehabilitation of three large backwater lakes - Big Lake (pool 9),

Lake Onalaska (pool 7), and Spring Lake (pool 2). Big Lake is a 1,200-

acre fishing lake threatened by sedimentation entering the upper reaches

of the lake via Big Slough. Lake Onalaska is an excellent 5,400-acre

waterfowl and fishing lake threatened by sediment entering the lake through

side channels from the main channel. Spring Lake is an approximately

1,200-acre lake that has limited fish and wildlife value in its present

state. Its habitat value could probably be improved if it could be separated

to some extent from the main channel to reduce the effects of current,

sedimentation, and poor water quality.

Under the Basic Program, the Corps would defer lead efforts in the

studies to the U.S. Fish and Wildlife Service or the appropriate State.

The Corps would provide technical expertise on a requested basis and

participate in justifiable projects using Public Law 89-72 or Code 710

authorities. It is unlikely that these three enhancement projects will be

studied and accomplished in the foreseeable future under the Basic Program.

Some of the general problems in enhancing fish and wildlife are discussed

under Policy/Funding Item 11.
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Under the First Priority Program, the Corps could take an active

lead in the necessary studies. The Corps can use existing authorities

to develop conceptual measures for fish and wildlife enhancement.

This activity does not need to be cost shared. Thus, one of the ob-

stacles (high initial study costs) that may keep the Fish and Wildlife

Service or the States from undertaking these studies unde: the Basic

Program would be removed. The obstacle of finding a non-Federal sponsor

would not be removed, but the efforts along these lines would increase

the potential for finding a sponsor. While the First Priority Program

and the GREAT I Program do not guarantee that these fish and wildlife

enhancement projects would ever be implemented, they considerably increase

the potential for implementation.

WATER QUALITY

Water quality is closely regulated by both the Federal and State

governments. The principal consideration of water quality was in the

area of channel maintenance. Three particular recommendations relating

to water quality are worthy of note.

Action Item 1

Action Item 1 is implementation of the CMP. The impact of Corps

maintenance dredging on water quality has long been controversial. Ad-

verse impacts have been greatly reduced from pre-GREAT I days as a result

of increased awareness of the problem, Federal and State laws and regulations,

and subsequent changes in dredging and placement methods.
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Corps dredging is controlled by Federal and State laws, regulations,

policies, etc., relating to water quality. Regulations are stringent,

and, coupled with other environmental requirements, do an excellent job

of minimizing adverse water quality impacts. Regardless of whether

part (Basic Program) or all (First Priority Program) of the CMP is

implemented, water quality impacts during dreding and placement will

continue to be closely regulated. Therefore, the difference in impacts

of these two programs will probobly be small.

Action Item 9

Action Item 9 recommends th.t the Environmental Protection Agency

develop criteria for water quali y and sediment quality related to dredg-

ing and that the States use these criteria to develop regulations for

dredging and placement. The St. Paul District has pressed and will

continue to press for these actions. At the very least, development of

criteria should provide for more consistent evaluation and regulation of

water quality impacts.

Action Item 9 contains a set of interim guidelines to protect water

quality during channel maintenance until applicable criteria and regula-

tions are developed. Many of tb. se guidelines are required by Federal and

State water quality regulatory p-ograms; they have been part of the St. Paul

District's basic program since 1974. Implementation of these guidelines

as identified under the Basic Program, coupled with compliance with exist-

ing water quality regulations, u uld adequately protect water quality during

channel maintenance operations.

The one difference between '; e Basic, First Priority, and GREAT I Pro-

grams has to do with guideline f. of Action Item 9. This guideline per-

tains to the posting of warnings _o recreationists where contaminated

sediments are dredged. Significr tly greater benefits are not expected

from the First Priority and GREAT I Programs because:
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1. Contaminated sediments are adequately contained in all but emergency

dredging situations. Even then, at times they are adequately contained.

2. Contaminated sediments are generally limited to the Twin Cities

metro area.

'3. The Upper Mississippi River in the metro area is not generally used

for body contact water sports because the water quality is poor.

Action Item 14

Action Item 14 recommends placing sanitary pump-out facilities and

trash pickups at the locks and dams. The Basic Program would establish

neither while the First Priority Program would place trash pickup at

several locks on a trial basis for 2 to 3 years.

It is difficult to evaluate the water quality impacts of the three

programs because the magnitude of the problem of sanitary waste dumping
and littering has never been documented. Neither has the basis for the

problem been established - is it caused primarily by a lack of facilities

or carelessness by those who dump wastes or litter?

Installation of these facilities as recommended by GREAT I is not judged

to provide appreciable water quality benefits over the no action of the

Basic Program. It is unlikely that dumping .of sanitary wastes from boats
creates more than very localized impacts and littering is more of an

aesthetic than a water quality problem. In addition, because adequate pump-

out facilities are available for towboats and the private sector does pro-

vide pump-out facilities in some locations for recreational craft, it appears

that carelessness by boaters is a greater contributor than lack of facilities.

FLOODPLAIN

Corps operation and maintenance activities generally have little or no

impact on the floodplain and flood flows. No significant impacts on the

floodplain have been identified for implementation of any of the GREAT I

recommendations in which the Corps would be involved. Thus, differences in
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floodplain impacts between the Basic, First Priority, and GREAT I programs

are not substantial. The following recommendations are discussed to

demonstrate the lack of impact.

Action Item 1

Analysis in the St. Paul District indicates that dredged material

placement in the floodplain has immeasurably small impacts on flood flows

and levels because the total area of the placement sites is such a small

percentage of the area of the floodplain. Implementation of the GREAT I

CMP would have even less impact on the floodplain because almost all of

the selected placement sites are out of the floodplain. But the differ-

ences in impact between the Basic and First Priority Programs would be

negligible because the impacts are already so slight.

Further Study Item 12

Further Study Ttem 12 recommends that dredged material placed in the

floodplain be removed. Because placement in the floodplain has little

impact on flood flows, it is unlikely that the different levels of effort

proposed under the three programs will produce appreciably different

impacts.

CULTURAL RESOURCES

GREAT I made one recommendation pertaining to cultural resources

(Further Study Item 45). The St. Paul District's cultural resource program

encompasses and exceeds that recommended by GREAT I. The St. Paul Dis-

trict's program includes an ongoing literature survey of areas affected

by the 9-foot navigation channel and field investigations of areas affected

by ongoing operation and maintenance actions. In the future, it will in-

clude a field inventory for some or all of the cultural resources in the

project area. It will continue to expand the knowledge of the project

irea's cultural resources and provide for their protection.
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COMMERCIAL NAVIGATION

The most important point relating to commercial navigation under a!l

three programs is that the 9-foot navigation channel would be maintained t

provide safe navigation for commercial transportation. Many of the

GREAT I recomendations emphasize increased consideration of other resource

values during operation and maintenance of the navigation system. In any

program to implement the GREAT I recommendations, the weight given to

jcommercial navigation interests in decision-making processes would be
reduced. Thus, the First Priority and GREAT I Programs would be less

favorable to commercial navigation interests than the Basic rrogram

and the Basic Program less favorable than pre-GREAT I historic operation

and maintenance practices.

The following recommendations have the most impact on commercia]

navigation.

Action Item 1

Implementation of the GREAT I CMP would result in a safe navigable

9-foot channel. The basic differences between partial implementation

(Basic Program) and full implementation (First Priority Program) are the

matters of cost and reliability.

Full implementation of the GMP would cost more than partial imple-

mentation. Increases in costs for channel maintenance without increased

appropriations from Congress could postpone repair of locks and dams,

increasing the potential for a breakdown that could delay or block river

traffic.

Full implementation of the CMP would exceed the capability of

St. Paul District's existing available equipment and would require careful

planning of acquisition of future equipment to provide for orderly imple-

mentation.
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Action Item 4

Action Item 4 calls for reduced-depth dredging with exceptions for

safety reasons. Historically, dredging was normally done to a depth of

13 feet; the first 2 feet of overdepth dredging (between 9- and 11-foot

depths) provided a margin of safety and the next 2 feet (between 11- and

13-foot depths) minimized dredging frequency. Studies indicate that the

2 feet of advance maintenance dredging to reduce dredging frequency May :n't

be necessary in all cases.

Although 11 feet provides a safe depth for 9-foot draft vessels, it

is not as efficient for commercial vessels as a 13-foot depth in terms f

vessel speed, maneuverability, and fuel efficiency. Thus, reducing ", ic-

ing depths could have adverse economic impacts on commercial transh'rtaLtv2

in terms of fuel costs. This impact is not quantifiable at this ti! .

Further Study Item 38

This recommendation ca- s for studies of projected lock capacity

problems at locks and dams 2 and 3. The First Priority Program would pro-

vide for a higher level of effort than the Basic Program and, thus, should

prove more beneficial to commercial navigation interests.

RECREATION

Recently, the St. Paul District began to update its master plan for

public use development and resource management for the 9-foot channel project.

This study will incorporate analysis of many of the recreation-related

recommendations of the GREAT I study. These recommendations range from hav-

ing potential negative impacts on recreation by reducing dredged material

available for beaches to positive impacts from expanding Corps authorities

for planning and management of new recreation resources. The Basic Program

responses to many of the recommendations are constrained by existing author-

ities as well as funding and personnel limitations. First Priority and

GREAT I Programs implementation will largely depend on the removal or

lessening of these constraints.
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Action Item I

Implementation of the CMP will generally reduce the amount of

dredged material available for maintaining or enhancing existing or

new placement area sites for river recreation uses. Ongoing placement

of material on recreation use sites is important because it controls

vegetation growth and provides sandy beach areas. Enhancement of new

sites in carefully located areas is important in attempting to improve

the quality of a recreation experience on the river and manage for

appropriate uses in specific areas. The Basic, First Priority, and

GREAT I Programs would all benefit the recreation resource, although

the benefits will be somewhat less with implementation of the CMP.

Action Item 3

Shoreline protection could reduce access to areas used by recre-

ationists. The Basic Program would have little impact in this area.

The First Priority and GREAT I Programs could have greater adverse

impacts on recreational access because more shoreline would be

protected.

Action Item 7

As more dredged material is put to beneficial use away from the

river, less is available for beach nourishment. The First Priority

and GREAT I Programs would have greater adverse impacts on recreation

for this reason.

Action Item 10

Plans for active and historic placement sites would benefit

recreation because recreational use would be considered in the develop-

ment of these plans. The First Priority Program would have greater

benefits than the Basic Program because more site plans would be

developed.
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Action Item 19

From a recreational use standpoint, it Is important to maintain

primitive recreational sites. The Basic, First Priority, and GREAT I

Programs would have increasingly greater beneficial impacts on recreation

values.

Po i cyFundin tji

If the Corps were given more definitive authorities and funds to

enhance recreation, recreation would benefit through a grelter number of

recreation projects. The GREAT I Program would be more beneficial than

the Basic and First Priority Programs.

Policv/Funding Item 22

Increased data collection to provide a reliable data base for recrea-

tion resource management should benefit recreation through more service-

able recreational developments. The First Priority and GREAT I Programs

would have progressively greater benefits.

Further Study Items 21, 23, 24, and 25

Fish and wildlife habitat improvement programs at Weaver Bottoms,

Lake Onalaska, Big Lake, and Spring Lake would increase hunting, fishing,

bird-watching, and other recreational opportunities.

Further Study Item 41

Increased development of recreation projeLts would improve recreational

experiences and increase recreational opportunities. The First Priority and

GREAT I Programs would substantially benefit recreation.
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APPENDIX E

ECONOMIC ANALYSIS

COSTS

INTROCUCT ION

This section presents the costs for maintenance of the 9-foot channel

and operation and care of locks and dams from 1937 (when most of the 9-foot

!, channel navigation system in the St. Paul District was in operation) through

1979. Channel maintenance costs include costs on the Minnesota and St. Croix

Rivers in addition to costs on the Mississippi River from Minneapolis,

Minnesota, through lock and dam 10 at Guttenberg, Iowa. During this period,

wages and material costs have increased regularly; they are now over

12 times greater than they were in 1937. Prices doubled in the 13-year

period following 1958 and doubled again in the next 8 years. This change

in price levels has made it difficult to analyze the impacts of changes

in dredging and material handling procedures and other actions designed

to protect and enhance natural resources. Accordingly, all maintenance and

operation costs have been adjusted to 1979 price levels. Costs for lock

and dam operation and care are easily adjusted, but adjustments in channel

maintenance costs are more complex. The latter costs relate to quantities

dredged, and several variables must be taken into account, including the

changes in use of the hydraulic cutterhead dredge, William A. Thompson,

from a 24-hour, four-crew operation during the 1930's and into the 1940's

to two crews and a shorter operating day as well as the use of the dredge

outside the St. Paul District (beginning in the late 1950's). Also, the

cost-quantity dredged relationship Is affected by the proportion of dredging

done by the Derrickbarge Hauser which is slower and less efficient in most

large operations. Further, channel maintenance costs since about 1973

cannot be compared directly to earlier costs because of the acquisition and

use of equipment to move material removed by the Thompson over greater dis-

tances, reduced-depth dredging, major studies undertaken, water quality

monitoring, and other actions required to comply with State and Federal

regulations.
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Costs are developed on an average annual basis; first, assuming no

change from the river maintenance procedures followed before 1974 and,

second, assuming that the practices followed since 1974 would have pre-
vailed throughout the 43-year period.

Average annual benefits for long-haul commodity movements to or from

the St. Paul District are based on the District share of the savings in

transportation charges to shippers who use the Upper Mississippi River

waterway system. Intra-District commercial traffic on the 9-foot channel

is alec taken into account. Waterborne commerce benefits are the savings

in transportation costs from point of origin to destination by water as

compared to those for the least-cost alternative mode.

Fiscal records for the 9-foot channel project on the Mississippi

River are recorded by each District and are dividei into four princlpa!

categories: new work, maintenance, rehabilitation, and operation air :

New work includes planning and construction of separate project feat.rce-

authorized by Congress such as the locks and dams, small-boat harb-ts,

and recreation areas. " Maintenance includes (in addition to the re-, 'r

dredging and material placement costs) repairs to the locks and das ind

related project features, -han.n": :irveys and reports, bank proti...on

and other repairs to noopredect features affected by praject ore- ion,

water quality mornorng. Ir-.allation and operation of gages, a.nd

other work requirei per'. dTcilly. Rehabilitation incluo"s ma]j Teplace-
ment or repair - exist ng facilities, such as the curre-'. work at locks

and dam I in Minneap.-lI'. Operation and care covers pri.ar.i1y the

continuing on-site 14.,ur required to regulate the flow-cu,rol gate- and
the locks for Iassaae of river traffic ri-us the decessary ..strict office

labor required to direct and coordinate these operations. !I costs are

subject to a Ml are of the District overhead and other admInf.trative costs.

Projert costs are sumarized in the Annual Reports of the Chief of Engi-

neers and itemized in greater detail in the District office rc ards.

In 1976, the Federal Government chatxged .s - cal year fr.: Lhe

1- r: .h peri,, 1 July through 30 Ju : . 1. ,. tolar thr, ih 30 ,otembc.

.-..ip charse .epilred separate fundins, -a trans. o,,n qua .er , _n
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1976 and costs were accumulated accordingly. As a result, any series of

cost data extending through 1976 includes an odd quarter year identified

separately or carried in a 15-month fiscal year for 1976. The TQ data

are shown separately in this analysis so the years can be compared.

MAINTENANE AND OPERATION

These costs are divided into two main groups: (1) those for channel

maintenance and related activities and (2) lock and dam operation and care

and related~other work. Lock and daim costs and other costs can be adjusted

to constant price levels by applying the appropriate cost index. However,

channel maintenance costs involve other variables which must be taken

into account. The procedures developed for adjusting all costs to 1979

average price levels are presented in the following paragraphs.

Projections of Dredging Costs

Costs for channel maintenance and related activities have increased

significantly in the last few years, but the quantities dredged have

all been relatively low, varying from 250,000 to 1,000,000 cubic yards

annually. This limited experience does not provide a firm basis for pre-

dicting probable cqsts if larger quantities need to be removed. However,

dredging and placement quantities and costs can be obtained from the annual

reports of the Chief of Engineers for each year as far back as 1937 when

most of the locks and dams were in operation and the Dredge Thompson was

acquired. This 37-year period, from 1937 through 1973, provides cost data

for annual dredging quantities varying from 500,000 to 5,000,000 cubic yards.

During this period, emphasis was on maintaining the channel in the most

economical manner with lesser concern for the effects on the environment.

Nevertheless, this long-term cost experience provides a base for developing

probable dredging and material placement costs under current policies and

practices for a full range of possible dredging quantities.
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Adjustment of Costs to Constant Price Levels

One of the principal variables which affects comparison of past and

present costs is the continuing change in wage rates and prices of mate-

rials. A fixed price base is essential for an understanding of the

effects of other variables. Thus, for this analysis, 1979 has been

selected as the base year, and all costs have been converted to average

price levels prevailing in that year. Wage rates, which -re a major

part of maintenance costs, were obtained for the river area and compared

with the Engineering News Record (ENR) construction index for the

same period. Both follow an almost identical pattern leading to the

conclusion that the ENR construction index provides a sound basis for

adjusting most of the maintenance and operation costs to a 1979 price

level. However, dredging and placement costs cannot be converted

directly to 1979 price levels using the construction index. In this

case, changes in equipment use and other factors must be taken into

account. The procedure followed is described in the following paragraphs.

As a first step, quantities dredged on the Mississippi, Minnesota,

and St. Croix Rivers and costs for each fiscal year since 1937 were ob-

tained from the annual reports and are given in table E-1. For the first

half of the period, costs were limited to river surveys and dredging;

later, additional items of channel maintenance were included in the overall

maintenance costs. These additional work items were separated and carried

as other maintenance costs. These additional work items were separated

and carried as Qther maintenance costs. On the basis of the record, costs

for dredging and.material placement varied from less than $0.10 per cubic

yard in the first few years to about $0.59 per cubic yard in 1972. In

1973, costs declined slightly; thereafter, they climbed rapidly to over

$5.00 per cubic yard in 1977, the year of lowest dredging quantity when

about 90 percent of the dredging was accomplished by the Hauser. Further,

quantities and costs for fiscal years following 1976, although covering a

12-month period, are not strictly comparable to those of the preceding years

becatse of the change in 1976 from a fiscal year ending 30 June to one

that ends 30 September. The rapid increase in dredging costs after 1973

suggests that cost adjustments to 1979 price levels might best be

carried out in two stages: the first for the period 1937 through 1973

and the second for the following years.

E-4
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Table E-l - Dredging quantities and costs, maintenance of 9-foot channel

Dredging quantity
(1,000 cubic yards) Cost ($1,000's)

Missis- Minne- Missis- Minne- St. Cost per
Fiscal sippi sota St. Croix sippi sota Croix cubic yard
year River River River Total River River River Total ($)

1937 2,614 0 0 2,614 298 0 6 304 0.116
1938 5,380 0 125 5,505 393 12 16 421 0.076
1939 4,251 0 0 4,251 357 0 1 358 0.084
1940 2,362 0 0 2,362 202 6 1 209 0.088
1941 1,929 0 104 2,033 231 0 10 241 0.119
1942 2,841 0 0 2,841 269 2 1 272 0.096
1943 3,682 0 0 3,682 409 0 0 409 0.111
1944 1,885 0 0 1,885 257 0 0 257 0.136
1945 3,347 0 0 3,347 422 0 0 422 0.126
1946 2,640 0 352 2,992 433 10 35 478 0.160
1947 1,808 0 0 1,808 374 0 0 374 0.207
1948 2,200 0 0 2,200 399 0 0 399 0.181
1949 2,193 0 86 2,279 419 0 16 435 0.191
1950 2,372 0 11 2,383 590 1 7 598 0.251
1951 1,566 0 30 1,596 457 2 5 464 0.291
1952 1,746 0 0 1,746 406 0 0 406 0.233
1953 1,885 0 0 1,885 533 3 2 538 0.285
1954 2,325 0 28 2,353 576 2 28 606 0.258
1955 1,982 0 0 1,982 476 1 0 477 0.241
1956 1,592 0 0 1,592 486 7 5 498 0.313
1957 1,384 0 46 1,430 515 2 7 524 0.366
1958 1,279 0 10 1,289 457 8 10 475 0.369
1959 1,005 0 0 1,005 326 4 2 332 0.330
1960 1,255 5 0 1,260 452 20 0 472 0.375
1961 678 2 33 713 318 5 4 327 0.459
1962 665 0 0 665 323 5 14 342 0.514
1963 1,468 0 0 1,468 404 15 5 424 0.289
1964 1,084 4 0 1,088 497 25 0 522 0.480
1965 1,382 0 0 1,382 580 10 0 590 0.427
1966 1,752 0 56 1,808 917 9 35 961 0.531
1967 1,648 13 173 1,834 677 11 44 732 0.399
1968 1,265 112 339 1,716 556 112 107 775 0.452
1969 2,494 0 0 2,494 1,118 38 0 1,156 0.464
1970 2,382 0 0 2,382 913 34 8 955 0.401
1971 1,788 102 2 1,892 932 102 2 1,036 0.548
1972 1,862 34 36 1,932 1,014 96 25 1,135 0.587
1973 3,192 0 0 3,192 1,550 17 11 1,578 0.494
1974 1,145 0 178 1,323 1,212 186 61 1,459 1.103
1975 1,040 0 5 1,045 1,962 47 25 2,034 1.946
1976 613 0 0 613 2,149 0 22 2,171 3.542
TQ 349 64 0 413 791 52 0 843 2.041
1977 203 51 0 254 1,187 2" 57 1,502 5.913
1978 476 0 21 497 2,120 85 60 2,265 4.557
1979 837 0 0 837 3,097 0 48 3,145 3757

Total 81,846 387 1,635 83,868 32,054 1,187 680 33,921

43 1/4-year r.werage 0.404
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The analysis of the first period involved plotting the costs per cubic

yard on semilog paper together with the ENR construction index, which has

varied from 235 in 1937 to 3003 in 1979, as shown on figure E-1. When the

costs are compared with the general slope of the index, several dis-

continuities can be recognized: 1937, the years from 1938 to about 1946,

the period from 1946 to 1962, and the period from 1963 to 1973. Dredging

costs during 1937 were higher than those in the next few years because a

significant part of the dredging was done by the less efficient suction-

head, pipeline dredges. From 1938 until about 1945, the Thompson operated

at near peak efficiency using four crews during much of the dredging

seasor with an average material face of 3.5 to 5.0 feet. From 1946 through

1962, the upward trend of dredging costs per cubic yard was well above

that of the preceding years, with the exception of 1937, and above those

in the following years. The average annual dredged material face reduced

f im over 3.5 feet to a low of 2.5 feet while the need for dredging was

decreasing. Beginning in 1956, the District was able to reduce dredging

costs by using the Thompson, first on the Ohio River and later regularly

on the 9-foot channel in the Rock Island District.

Curves (A), (B), and (C) were drawn on figure E-1 roughly parallel

to the slope of the index to accommodate the major changes in dredging pro-

cedures and obtain a record reasonably consistent with the ENR construction

index. Costs per cubic yard for the years covered by curves (B) and (C) were

then adjusted downward by 35 and 20 percent, respectively. This procedure

maintains the relation between unit costs and quantities dredged while mini-

mizing the tendency of the index multiplier to increase departures from

the norm in the earlier years of the period. The results of this adjustment

are given in table E-2.
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Table E-2 - Adjustment of dredging costs to 1979 price levels for period,
1937 through 1973

Adjusted ENR con-
Quantity Cost per Uniform cost per struction Cost per
dredged cubic adjust-) cubic index cubic

Fiscal (1,000 yard ment yard (1979 = yard(2 )
year cubic yards) C$) (percent) ($) 1.00) ($)

1937 2,614 0.116 65 0.075 12.779 0.958
1938 5,505 0.076 80 0.061 12.724 0.776
1939 4,251 0.084 80 0.067 12.724 0.853
1940 2,362 0.088 80 0.070 12.409 0.869
1941 2,033 0.119 80 0.095 11.639 1.106
1942 2,841 0.096 80 0.077 10.880 0.838
1943 3,682 0.111 80 0.089 10.355 0.922
1944 1,885 0.136 80 0.109 10.043 1.095
1945 3,347 0.126 80 0.101 9.750 0.985
1946 2,992 0.160 80 0.128 8.679 1.111
1947 1,808 0.207 65 0.135 7.271 0.982
1948 2,200 0.181 65 0.118 6.514 0.769
1949 2,279 0.191 65 0.124 6.295 0.781
1950 2,383 0.251 65 0.163 5.888 0.960
1951 1,596 0.291 65 0.189 5.530 1.045
1952 1,746 0.233 65 0.151 5.278 0.797
1953 1,885 0.285 65 0.185 5.005 0.926
1954 2,353 0.258 65 0.168 4.782 0.803
1955 1,982 0.241 65 0.157 4.550 0.714
1956 1,592 0.313 65 0.203 4.340 0.881
1957 1,430 0.366 65 0.238 4.138 0.985
1958 1,289 0.369 65 0.240 3.956 0.949
1959 1,005 0.330 65 0.214 3.768 0.806
1960 1,260 0.375 65 0.244 3.644 0.889
1961 713 0.459 65 0.298 3.545 1.056
1962 665 0.514 65 0.334 3.444 1.150
1963 1,468 0.289 100 0.289 3.333 0.963
1964 1,088 0.480 100 0.480 3.208 1.540
1965 1,382 0.427 100 0.427 3.092 1.320
1966 1,808 0.531 100 0.531 2.947 1.565
1967 1,834 0.399 100 0.399 2.806 1.120
1968 1,716 0.452 100 0.452 2.600 1.175
1969 2,494 0.464 100 0.464 2.366 1.098
1970 2,382 0.401 100 0.401 2.168 0.869
1971 1,892 0.548 100 0.547 1.899 1.039
1972 1,932 0.587 100 0.587 1.713 1.005
1973 3,192 0.494 100 0.494 1.585 0.783

Total 78,886

Average 2,132

(1) See discussion of basis for adjustment and plate E-1
(2) Adjusted.to 1979 price levels.
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Costs per cubic yard adjusted as outlined in the preceding paragraph

were then converted to 1979 price levels using the ENR construction cost

index which assumes a cost of 100 in the base year 1913 and has varied

from 235 in 1937 to 3003 in 1979. Costs per cubic yard at 1979 price

levels have been plotted on figure E-2. Although costs show considerable

scattering, the average cost per cubic yard decreases as larger quantities

are dredged. Outliers, such as those for fiscal years 1964 through 1966,

can be expected because in those years large quantities of material were

rehandled thus increasing costs without a commensurate increase in

dredged quantities. If the added costs of rehandling material were taken

into account, the costs would be reduced and the plotting points would

fall closer to the group. Considering the many variables involved, the

relationship shown is reasonable.

On the basis of the average of the quantity-cost relations, average

dredging costs were developed for the period 1937 through 1973 as shown

in table E-3. During this period an average annual quantity of 2,132,000

cubic yards was dredged, representing a cost of about $0.924 per cubic

yard and an average annual cost of about $1,970,000 at 1979 price levels.
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Table E-3 - Average cost of dredging and surveys at 1979 price levels
1979 price levels

Quantity Average
dredged cost per( 1) AveraRe

Fiscal (1,000 cubic yard cost

year cubic yards) ($1) ($1,000)

1937 2,614 0.912 2,380
1938 5,505 0.82 4,510

1939 4,251 0.85 3,610
1940 2,362 0.922 2,18C
1941 2,033 0.942 1,920

1942 2,841 0.900 2,560

1943 3,682 0.868 3,200

1944 1,885 0.952 1,790

1945 3,347 0.880 2,950

1946 2,992 0.894 2,670

1947 1,808 0.956 1,730

1948 2,200 0.932 2,050
1949 2,279 0.928 2,110

1950 2,383 0.922 2,200

1951 1,596 0.971 1,550

1952 1,746 0.960 1,680

1953 1,885 0.951 1,790

1954 2,353 0.923 2,170

1955 1,982 0.945 1,870

1956 1,592 0.972 1,550

1957 1,430 0.983 1,410

1958 1,289 0.998 1,290

1959 1,005 1.026 1,030

1960 1,260 0.999 1,260

1961 713 1.068 760

1962 665 1.077 720

1963 1,468 0.981 1,440

1964 1,088 1.017 1,110

1965 1,382 0.GP8 1,370

1966 1,808 0.956 1,730

1967 1,834 0.953 1,750

1968 1,716 0.962 1,650

1969 2,494 0.916 2,280

1970 2,382 0.922 2,200

1971 1,892 0.951 1,800

1972 1,932 0.948 1,830

1973 3,192 0.887 2,830

Total 78,886 72,930

Average 2,132 0.924 1,970

(1) From fieure E-2.
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Separation of Costs by Activity

Cost adjustments to 1979 price levels for the period 1974 through 1979

required a detailed examination of the District cost records to identify

work items undertaken since 1973 to meet State and Federal water quality

and dredged material placement requirements, conduct studies, and carry

out other desired actions. These work items have been grouped into nine

principal activities as shown in table E-4. The first item is channel

dredging and the associated sounding surveys required to determine where

dredging is needed. Costs for these items have increased sharply in

recent years because of longer pipelines required to reach acceptable

placement areas, use of a booster pump for the hydraulic movement of

material, and barging material removed by derrickbarge over greater dis-

tances. Costs of the GREAT I studies, water quality monitoring, sedi-

ment measurements, bank protection, and preparation of areas to retain

dredged material are shown in separate accounts. Fish and wildlife costs

include costs incurred for removing closing dams and constructing notches

and other structures in several of the dams to aerate sloughs and back

channels closed by the dams. Recreation coats include expenditures for

preparing master recreation plans as well as constructing and maintaining

public use and access areas. Funds spent on the environmental impact -

statement in 1974 and 1975 and other miscellaneous work to protect river

resource values are included in the natural resources account. During

fiscal years 1978 and 1979, costs for GREAT I studies were provided from

the General Investigations program and were not charged to maintenance and

operation of the river system. However, about $116,000 in outstanding

obligations was paid from carry-over funds in fiscal year 1978 and is

shown as an expenditure that year. Costs for these work items are not

identified in a separate account in the annual reports of the Chief of

Engineers but are included in the three accounts: new work, maintenance

and operation, and care.
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Table E-4 - Expenditures for dredging and other work on the 9-foot channel
on the Mississippi, Minnesota and St. Croix Rivers

Expenditures in $.000 by fiscal year
Item 1974 1975 1976 TQ 1977 1978 1979 Total

Channel dredging
and surveys 1,459 2,034 2,171 843 1,502 2,265 3,145 13,419

Planning studies - 228 696 173 733 116 - 1,946
Water quality - 53 21 6 36 250 88 454
Sediment
management 17 - 51 7 72 890 350 1,387

Fish and
wildlife 102 52 71 - 129 3 7 5 716
Recreation 24 6 117 35 135 259 130 706
Public education,
safety, and
sanitation 3 - 10 - 10 - - 23

Natural resources 435 237 55 21 55 19 28 850
Traffic manage-
ment and
control - 1 27 48 41 11 3 131

Total dredging
and other
work 2,040 2,611 3,219 1,133 2,713 4,167 3,749 19,632

I
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The ENR construction index for the period from 1974 through 1979

is considered to reliably reflect the change in dredging and other costs.

Therefore, these costs were adjusted to 1979 price levels using the ENR

index as shown in table E-5. During the 6 1/4-year period, expenditures

for activities other than those directly related to dredging and place-

ment averaged about 32 percent of the total costs and reached a maximum

of about 45 percent in 1977 and 1978. In 1979, other related costs

dropped to less than 10 percent of the total river management costs

primarily because the GREAT study and report preparation costs were

funded from the General Investigations account and less was spent on

rehandling dredged material and constructing containment works. These

other costs vary significantly from year to year, but for the next few

years may approximate $1.2 million per year, depending on budget limits

and continued support and justification for the studies and environmental

protection. Of this amount, about $560,000 per year appears probable

for environmental protection actions required to meet Federal water quality

standards and State requirements.

Annual dredging and placement costs at 1979 price levels are shown

on figure E-3 for two periods: 1937-1973 and 1974-1979. Use of the

logarithmic scale brings the costs from 1976 through 1979 into a fairly

good straight-line relation. Years 1974 and 1975 clearly represent a

transition period during which dredging procedures were being modified

to comply with new legislative restraints and accomodate the concerns for

protection of natural resources. Because of the relatively low dredging

requirements and reduced-depth dredging practices in recent years, dredging

and other associated costs provide firm data only in the range between

250,000 and 1,000,000 cubic yards per year. Nevertheless, the trend is

clear and the cost experience of recent years can be extended to about

4,000,000 cubic yards per year with some reliability.

E-14



a 0 a -4 m a a 
4 

a

4

I.' 4 t . -4 w- OD
a) w3 '0 1-4 In r4 O in -tC

0 -%

-4 -4
-4

4) 
0

0%

0~

-0 .h '~~s 0 .4

@.3 -a r-q 4 r- I %ae

0% 0J~3 a a aa

C, 
-4

(A $4 
0%

00 0%r-

o OY ) r - 00 4 - 4 * CI

$4 00 (f- 113 -4 C 0 -
4 n n N Cr %D 0

41 0

4J140

o 4 -a H 
0nC, 

r -r 0 %

0 (A4 :5 OD (.I..% C4 *

. -4 .-4 1-4 C4 t '

*0

41 c 4 c-4 r4 0 4 in a V O

M 0 0. N IT 0 sO N 4

-4 

pa4

@3~~ ~ r4 - 4

---- E-15



w

r. -t - - __ -

MO 8-0L
7 Lr-(L

tz -z>z w
WQV aIfi0000' I 30~GALI~l

xRA t <T~
ST. MALOSRCT IPEETAIN PR

UPPd M0SSIP IE
COT-UNTT DREGE RELTIOSHI

OPRTO AND MANEAC
Co FOTCANLPOEC GETIAE

_____________________ US6M.C RS O NIER
x-1 FIUE



The increased costs of dredging and placement since 1975 are not

attributable to increased quantities of material handled. In fact, the

quantity dredged averaged about 2,100,000 cubic yards per year from 1969

through 1973 compared to only 800,000 cubic yards per year in the follow-

ing 5 1/4 years. Thus, although three times as much material was removed

from the channel during the first period, the average cost of dredging and

placement was only half as much. This reduction in dredging quantities

during the last few years has been due, in part, to the lack of any signifi-

cant floods on the Mississippi River or the principal sediment-contributing

tributaries. Another factor has been the change during the last few years

to reduced-overdepth dredging and lesser width at some bends.

Summary of Experienced Costs

Table E-6 summarizes project maintenance and operation costs, as re-

ported in the annual reports of the Chief of Engineers, adjusted to 1979

price levels. Channel dredging and survey costs from 1937 through 1973 were

adjusted to 1979 price levels as discussed earlier and summarized in table

E-3. Costs for 1974 through 1979 are from table E-5, except for the 1976 TQ

costs which have been adjusted to agree with curve (B) on figure E-3. Other

channel maintenance, lock and dam operation and care, and other lock and dam

maintenance costs were converted to 1979 price levels by ENR construction

index. Initial costs are those reported in the annual reports of the Chief

of Engineers. Figure E-4 shows the quantities dredged and annual costs for

channel maintenance, operationand care of the locks and dams, and the total.

Costs not included are those for new work and major rehabilitation. New

work items include the planning and construction of recreation public-use

areas, small-boat harbors, and similar project associated features. During

the last 12 years, these costs have averaged about $122,000 per year. The

work is normally justified by the public use benefits realized. Major

rehabilitation covers costs of repairs to one of the locks at locks and

dam 1 at Minneapolis, the overall cost of which was estimated at $32.5 million

at October 1979 price levels and $37 million at October 1980 price levels.

Costs of about $2.3 million for planning for other possible alternatives,

including a new lock and dam downstream from the present site, were included

in the operation and care account in the 4-year period before fiscal year

1978. Lock and dam rehabilitation costs are justified by an appropriate

share of the savings in co uercial transportation costs.
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Table E-6 shows that at 1979 price levels costs of dredging and

placement have averaged about $2.08 million over the entire 43 1/4-year

period while normal operation and care has averaged about $5.29 million.

Other river-oriented work, including studies and actions which are re-

lated to- protection of the river environment plus snagging and clearing,

have averaged about $0.34 million. All other structural repairs and

miscellaneous study costs have averaged about $1.15 million. The average

cost for maintenance and operation and care of the 9-foot channel project

during the period has been about $8.87 million.

Development of Long Term Costs Based on 1974-1979 Experience

In the last 6 1/4 years, project maintenance and operation and care

costs at 1979 price levels have considerably exceeded the long-term aver-

age. During this recent period, total expenditures increased to about

$12.66 million. Table E-7 provides a summary of the costs by fiscal year,

and table E-8 provides a comparison with the long-term averages. In

general, the increase in channel dredging and placement costs of $0.67

million can be explained by the increased length of pipeline and use of

a booster pump to transport dredged material over a greater distance.

Normal lock and dam operation and care costs did not increase greatly.

Also, the increase of about $0.84 million for additional environmentally

related costs was expected, but the increase in the cost of other repairs,

studies, and special work of about $2.16 million requires further considera-

tion. The increase would be due to an accelerating deterioration of the

structures or deferred maintenance and studies made possible by the low

dredging requirements in recent years. A review of the principal items

of work included in the account indicates that the latter is the case.

Thus, less than one-third of the recent increase of about $3.8 million in

project maintenance and operation costs is attributable to river resource

protection and enhancement.
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Average annual future maintenance and operation costs are summarized

below. The assumption is that costs other than costs for dredging and

placement will continue about as experienced during the recent 6 1/4-year

period as given in table E-7. Dredging and placement costs are the

average of the annual costs obtained from curve (B), figure E-3, for the

quantities dredged each year. (See table E-9.)

Channel dredging and placement $4,464,000

Normal operation and care of locks and dams 5,417,000

Studies and other costs related to protection
and enhancement of river resources 1,182,000

Other special studies and repairs not related to
river resource protection and enhancement 3,309,000

Total 14,372,000

Impact of Reduced-Depth Dredging

Data presented in table 2 of the Dredging Requirements Appendix of

the GREAT I report indicate that dredging requirements have been reduced

during recent years about one-third as a result of reduced-depth

dredging from 13 to either 11 or 12 feet. The conclusion is that

".. reducing the depth to 12 feet would have reduced individual dredg-

ing requirements by 25 percent without consideration of impact on

frequency of dredging." On the basis of experience, a reduction in

average annual dredging quantities of about 25 percent could be expected

to continue. However, the reliability of the past few years as a true

indication of the future trend is questionable. Nevertheless, the

sensitivity of the potential effects of reduced-depth dredginR on costR

is discussed here to provide a framework for consideration of the

technique. Thus, assuming that normal dredging practices would have

resulted In handling about dUU,UUU cubic yards in a particular year, the

reduced-depth dredging would reduce the quantity to about 600,000 cubic

yards, representing a savings of about $380,000 as shown on figure E-5.

Since the reduction in dredging depth and some lesser widths in bends

were accomplished during years of less than 1.0 million cubic yards of

dredging, no assurance exists that the same reduction could be realized

in years of greater required dredging. In years requiring dredging of
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2 to 3 million cubic yards, the pains in reduced-depth dredging might be

offset by earlier filling requiring redredging at some sites which would

not have been necessary if the greater depths had been dredged during

the first trip to the site. Nevertheless, assuming that the 25-percent

reduction in dredging quantities would be obtainable for years involving

handling about 2.8 million cubic yards, a reduction in dredged quantity

to about 2.1 million cubic yards and a savings of about $600,000 might

be realized as also shown on figure E-5.

Table E-9 shows that over the 43 1/4-year period of analysis, using

the cost experience of the last 6 1/4 years and 1979 price levels, the

average annual cost would be about $4,464,000 without reduced-depth

dredging and only $3,932,000 with reduced-depth dredging. Dredging

quantities would be reduced from about 1,978,000 to 1,483,000 cubic yards,

respectively. On this basis, reduced-depth dredging would result in a

savings of bout $533,000. However, costs would increase from $2.26 to $2.65

per cubic yard dredged because of the lower efficiency from dredging smaller

quantities each year. A comparison of the changes in average annual dredging

costs from those experienced to the costs expected with reduced-depth dredg-

ing is summarized in table E-10.

The savings in dredging costs through reduced-depth dredging of about

$533,000, although several times less than the recent increases in dredging

and placement costs, are significant. Also, further savings could be

realized through a reduction in the rate of filling placement sites, thus

extending the period before more distant.placement sites with increased

transportation costs would have to be used. Conversely, if the lesser

depths are not self-sustaining, additional costs might be incurred by

commercial traffic through vessel groundings, delays, and possible equip-

ment damages augmented by the costs of redredging. Additional experience

during periods of greater dredging requirements is needed before sound con-

clusions can be reached on the overall value of reduced-depth dredging.
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Table E-9 - Average annual dredging costs at 1979 price levels
with current dredging prartines(1 ) .

Jatity (1,000 cubic yards)(i) _ D Rifng colt (Sl0OO (2)
Without re- Wilh reduced Without re- With reduced
duced depth depth duced depth depth

Fiscal year dredzin . dredging dredging dredging

1937 2,614 1,961 5,160 4,560

1938 5,505 4,129 7,060 6,230

1939 4,251 3,188 6,310 5,600

1940 2,362 1,772 4,940 4,370

1941 2,033 1,525 4,630 4,100

1942 2,841 2,131 5,340 4,730

1943 3,682 2,761 5,940 5,270

1944 1,885 1,414 4,490 3,960

1945 3,347 2,510 5,720 5,070

1946 2,992 2,244 5,450 4,840

1947 1,808 1,356 4,410 3,890

1948 2,200 1,650 4,800 4,230

1949 2,279 1,709 4,870 4,310

1950 2,383 1,787 4,960 4,380

1951 1,596 1,197 4,180 3,680

1952 1,746 1,309 4,340 3,820

1953 1,885 1,414 4,490 3,960

1954 2,353 1,765 4,930 4,360

1955 1,982 1,486 4,590 4,050

1956 1,592 1,194 4,170 3,680

1957 1,430 1,072 4,000 3,500

1958 1,280 967 3,800 3,340

1959 1 r 754 3,400 2,980

1960 ,260 945 3,760 3,320

1961 713 535 2,910 2,520

1962 665 499 2,800 2,200

1963 1,468 1,101 4,020 3,540

1964 1,088 816 3,520 3,100

1965 1,382 1,036 3,910 3,45C

1966 1,808 1,356 4,410 3,880

1967 1,834 1,376 4,440 3,910

1968 1,716 1,287 4i310 3,800

1969 2,494 1,870 5,060 4,480

1970 2,382 1,786 4,970 4,3

1971 1,892 1,419 4,500 3,' )
1972 1,932 1,449 4,530 4,l0

1973 3,192 2,394 5,600 4,980

1974 1,764 1,323 4,370 3,84C

1975 1,3Q3 1,045 3,920 3,460

1976 817 613 3,100 2,720

TQ 551 413 2,560 2,230

1977 339 254 2,030 1,750

1978 663 497 2,800 2,450

1979 1,116 837 3,560 3,140

lotal 85,529 64,146 193,060 170,040

Average 1,978 1,483 4,464 3,932

(I'. Based on t i assuption thit aU dredgin quanities through 1973 could

have been reduced 25 percent by reduced-depth dredging. Quantities since 1973

heve been adjusted to reflect no reducMf-Aepth dredging.

(2) Taken frca curve (B), figure E-5.
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Table E-1O - Summary of average annual dredging costs
Without With

Actual reduced reduced

dredging depth depth

Item experience dredging dredging

Quantity dredged 1,939(1) 1,978 1,483

(1,000 cubic yards)

Prevailing price levels
Average cost ($1,000) 784 -

Cost per cubic yard ($) 0.40 -

1979 price levels
Average cost ($1,000) 2,084 4,464 3,932

Cost per cubic yard ($) 1.07 2.26 2.65

(1) Includes reduced-depth dredging after 1973.

Summary of Project Maintenance and Operation Costs

Average annual channel dredging and handling costs, at 1979 price levels

and assuming that some reduction in average dredging quantities will occur

(but less than 25 percent), are estimated at $4,200,000 as a cost midway

between the costs developed in table E-9 and summarized in table E-10. Normal

annual lock and dam operation and care costs are developed at 1979 price

levels in table E-7 and are about $5,417,000. Other costs, including

studies, structural repairs, and river resource protection and enhancement

work, total $1,491,000 as a long-term average but during the period 1974

through 1979 increased to an average of $4,491,000 as shown in table E-8.

Accepting the latter as an indication of continuing future other costs

without implementation of the Channel Maintenance Plan (C(P) and other

GREAT I recommendations, the average annual future maintenance and operation

costs total $14,108,000 as shown below.

Dredging and placement with reduced-

depth dredging $4,200,000

Normal operation and care of locks

and dams 
5,417,000

Studies and other costs-related to

protection and enhancement of

river resources 1,182,000

Other special studies and repairs not

related to river resource protection

and enhancement 3,309,000

Total 14,108,000
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MAJOR REHABILITATION

Significant and costly maintenance work is classified as major rehabili-

tation and is funded under the general construction appropriation account

so that the required funds do not unduly distort the operation and mainte-

nance budget. Preconstruction planning of major rehabilitation work,

however, is funded from operation and maintenance funds. Rehabilitation

work is subject to the following conditions:

1. The work consists only of essential rehabilitation and does not

include additions or betterments which represent a change in project purpose,

size, capacity, or location. Modernization of operating equipment to meet

current design standards may be included as part of the program.

2. The estimated cost is $2 million or more.

3. The work is required to permit the continued use of the project

for the authorized purposes.

4. The work is justified as demonstrated in a reconnaissance report.

With the exception of the landward lock at locks and dam 1 where

reconstruction and equipment modernization are under way as a major rehabili-

tation project, the locks and dams and related structures are in good

condition. The depths of scour areas have gradually increased below and,

to a lesser extent, above the gate sections and along guide walls at

several structures. These scour areas do not appear to be stabilizing and,

in some areas, are over 50 feet deep. Thus, remedial action in the next

few years may be required in the interest of dam safety. Correction of

the scour conditions, if programmed on a case-by-case basis, probably would

be funded as an operation and maintenance cost. However, this work would

be in addition to the normal operation and maintenance work and, for this

report, is considered under the rehabilitation account.
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Most of the navigation dams are relatively low-head structures with

a maximum difference between pool and tail-water elevations of 5.5 to

12.2 feet. The high-head structures at Minneapolis (the upper St. Anthony

Falls lock, the lower St. Anthony Falls lock and dam, and locks and dam 1)

have heads which vary from about 27 to 50 feet. These higher-head struc-

tures may be more vulnerable, but those at St. Anthony Falls are relatively

new (built in the 1950's) and locks and dam 1 is being rehabilitated and

will soon be in good condition. Nevertheless, a conservative estimate of

probable future costs should recognize the possibility of at least one

additional major rehabilitation action as a result of unexpected develop-

ments at some future date. These and other rehabilitation actions currently

programmed or considered reasonably probable are discussed in the following

paragraphs.

Lower St. Anthony Falls Lock and Dam

Filling operations at the lock caused a vortex to form at the intake

port and resulted in a fatal accident in 1974. As a temporary measure,

the filling procedure has been modified to reduce the vortex, but the

filling time was increased from 8 to 14 minutes. The increased filling

time does not cause major delays with the present lockage requirements;

however, increased commerce could produce traffic delays or a reduction in

filling time with an increase in the safety hazard. Hydraulics model

studies have shown that the vortex could be eliminated by modifying the

intake, but the estimated cost of $4 million cannot be justified. An

alternative is being considered whfch could reduce the cost by 50 percent

or more. Assuming a first cost of $2 million at 1979 average price levels

and construction in 1984, the present worth (1979) would be $1,418,000

with an average annual cost of $104,000 at an interest rate of 7 1/8 percent

and an economic life of 50 years.

Locks and Dam 1

The approved rehabilitation plan includes reconstruction of the filling

and emptying system, modernization of the electric power supply and control

system, removal and replacement of deteriorated concrete to sound concrete,
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placement of anchors into bedrock to stabilize lock walls, and other

miscellaneous work. Funding for the work is scheduled as follows:

October 1980 Average 1979

price levels price levels
Fiscal year (ENR index 3400) (ENR index 3003)

Through 1979 $5,320,000 $5,320,000

1980 12,700,000 11,200,000

1981 14,000,000 1Z,400,000

1982 4,930,000 4,350,000

Total 36,950,000 33,270,000

The present worth (1979) of the estimated cost at average 1979 price levels

is $30,140,000 representing an average annual cost of $2,218,000 at an

interest rate of 7 1/8 percent and an economic life of 30 years.

Lock and Dam 3

Under some flow conditions, a crosscurrent develops on the upstream

side of the lock so that downbound tows have difficulty maintaining their

approach to the lock entrance. The recommended plan provides for a

1,250-foot rock dike riverward of the lock together with some upstream

dredging. The approved estimate at assumed October 1980 price levels is

$2,500,000 representing a cost of $2,231,000 at average 1979 price levels.

Assuming construction in 1983, the present worth (1979) of the expenditure

would be $1,694,000 representing an average annual cost of $125,000 at an

interest rate of 7 1/8 percent and a 50-year economic life.
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Scour at Locks and Dams

A void is known to exist under the downstream lock apron at one of

the dams, and other scour holes have been found both upstream and downstream

of the dams. In other areas, scour has exposed the piling along the guide

walls. Some shifting and settling of walls and backfill areas have also

been found at five of the structures. A study of the scour problems to-

gether with cost estimates of proposed corrective measures is planned to

start soon. Locks and dams 2 through 10 are suspected to need scour con-

trol measures. Assuming that corrective actions are recommended and ap-

proved, costs might be expected to average about $1.0 million at each of

the nine structures. This work might extend over a 9-year period begin-

ning in 1984. The investment of $9 million spread uniformly over the

period would represent a present worth (1979) of $6,480,000. The average

annual cost at an interest rate of 7 1/8 percent assuming a 50-year economic

life would be about $477,000

Unidentified Major Structure Rehabilitation

Although the locks and dams are considered structurally sound and ex-

pected to function as designed for the nest 50 years, experience supports

the conclusion that, in addition to the rehabilitation foreseen, one major

action may be expected during the economic period. Thus, for this analysis,

the assumption is that one major rehabilitation at a cost of about

$30,000,000 at 1979 price levels would be required. If the work were initi-

ated 25 years hence and extended over a 6-year period of uniform annual

funding, the present worth (1979) would be about $4,552,000. The average

annual cost at an interest rate of 7 1/8 percent and a 50-year economic life

would be about $335,000

Summary of Rehabilitation Costs

Estimated average annual rehabilitation costs are summarized as follows:

Lower St. Anthony Falls lock and dam $104,000
Locks and dam 1 2,218,000
Lock and dam 3 125,000
Scour at locks and dams 2-10 A1,000
Unidentified major rehabilitation '_. ,000

Total 3,' 000
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OTHER WORK

New Work

Expenditures for improvements for public access to and use of the public

waters for boating, fishing, and other recreational purposes as well as for

small-boat harbors, public parks, and recreational facilities are included

in this account. Section 4 of the Flood Control Act of 1944, as amended,

authorized the Chief of Engineers to construct, maintain, and operate such

improvements at existing water resource development projects. The objective

of the recreation resource management activity is to ensure continued use of

the project lands, waters, forest, and associated recreational resources by

preserving and enhancing the quality of the outdoor recreation potential

created by the project for the benefit of present and future generations.

Public access and recreation improvements are constructed and maintained

under the general discretionary authority granted by Congress to the Chief

of Engineers. Such works must be in accordance with an approved master plan-
Each recreation improvement must be supported by public use benefits deter-

mined following procedures prescribed by the Water Resources Council in its

Principles and Standards for planning water and related land resource

improvements.

Federal participation in the construction of small-boat harbors is based

on reports covering each harbor or groups of harbors. Each proposed harbor

improvement is analyzed separately and may be recommended for construction

with Federal assistance if the benefits, determined in accordance with Water

Resources Council guidelines, exceed the costs and all local cooperation

requirements can be met. Harbor improvements having an estimated cost

exceeding $2 million must be authorized by Congress; others may be undertaken

under one of the special authorities granted by Congress to the Chief of

Engineers provided funds are available.

Since new work items are normally supported by recreation-use benefits

independent of those evaluated in justification of the 9-foot channel project,

the costs of such improvements are not included in this analysis.
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Aids to Navigation

The installation and maintenance of primary navigation aids in navigable

waterways is the responsibility of the U.S. Coast Guard, Department of

Transportation. Although the aids to navigation facilitate the safe move-

ment of both commercial and recreation traffic, costs are considered a part

of the river management system covered in this analysis. Estimated annual

costs, at 1979 price levels, of this activity above lock and dam 10 are

$250,000.

Other Associated Project Costs

In addition to the care and operation of the aids to navigation, the

U.S. Coast Guard has other responsibilities including the containment and

cleanup of oil and chemical spills, small-boat operator education, and other

related programs. Also, the States administer substantial permit programs

related to use of land and waters along the Mississippi River and its tribu-

taries. Costs associated with these programs are not readily separable

into those concerned directly with the commercial use of the river and

those to protect the public health and welfare or to preserve and protect

the natural resources of the river system. Accordingly, these costs are

not included in this evaluation.

Existing Structures

Locks and dam 1 was placed in operation in 1917 and was followed by locks

and dam 2 in 1930. In the period from 1935 through 1938, locks-and dams

3 through 10 opened for traffic and in 1948 the landward lock at locks and dam 2

was readied for passage of commercial and other traffic. The last structures

in the system, the upper lock and the lower lock and dam at St. Anthony Falls, were

made operative in 1963. Of these structures only locks and dam 1 has served

out its assumed economic life of 50 years. This analysis recognizes that an

increment of the cost of the other structures remains to be accounted for and

supported by the benefits yet to be realized. The present (1979) worth of

these remaining annual costs at the average interest of 3 percent prevailing when
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the structures were built and the remaining annual costs have been devel-

oped as shown in table E-11. The first cost of the structures totals $87,150,000,

and, primarily because of the relatively higher cost of the St. Anthony Falls

structures and longer remaining c.conomic life, have a present worth of about

$40,923,000. The average annual value of this remaining amount spread over the

50-year period of analysis at the 3-percent interest rate is estimated at

$1,590,000. This remaining portion of the annual costs of the existing struc-

tures represents the financial load remaining which should be included with

estimated future rehabilitation costs and average annual continuing costs of

maintenance and operation.

Table E-11 - Remaining economic value of exisLing- structures
Annual cost, Remaining

interest and Remaining Present Present annual
Year amortization economic worth of worth of cost at
put First at 3 percent life $1 per remaining 3 percent
in cost for 50 years years year at economic for 50 years

L/D opera- 1939 e0.03886i 1979 3 percent life '0.038861
number tion ($1,000) ($1.000) base ($) ($1,000) ($1,000)

USAF
1963 31,748 1,234 34 21.132 26,077 1,013

LSAF

1 1917 1,000 39 0 - 0 -
2 1930 2,197 85 1 0.970 82 3

Land-
ward
lock 1948 4,295 167 19 14.324 2,392 93
3 1938 5,616 218 9 7.786 1,697 66
4 1935 4,865 189 6 5.417 1,024 40
5 1935 5,080 197 6 5.417 1,067 41
5A 1936 4,549 177 7 6.230 1,103 43
6 1936 4,874 189 7 6.230 1,177 46
7 1937 5,574 217 8 7.020 1,523 59
8 1937 6,061 236 8 7.020 1,657 64
9 1938 6,541 254 9 7.786 1,978 77

10 1936 4,750 184 7 6.230 1,146 45

Total 87,150 3,386 40,923 1,590
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SUMMARY OF FUTURE PROJECT COSTS (WITHOUT GREAT I)

Costs considered properly chargeable to the operation and maintenance

of the 9-foot channel, as estimated in the foregoing paragraphs, are summarized in

table E-12. With the exception of the costs of the existing structures, costs are

based on 1979 price levels, and average annual costs are either the average

of recurring annual costs or are the interest and amortization of the present

worth of ongoing or anticipated future investments. Whereas the 9-foot channel

project structures and other facilities might serve their intended purpose a

much longer period, an economic life of 50 years is assumed for this analysis.

An interest rate of 7 1/8 percent is used as currently specified by the

Water Resources Council. Maintenance and operation costs are those expected

assuming that dredging practices followed during the period from 1974 through

1979 will be, on the average, about the same and studies and environmental

actions will average about $1.2 million per year.

Table E-12 - Summary of project costs
Item Total first cost Average annual cost

Project maintenance and

operation $14,108,000

000 (3)Major rehabilitation $77,231,000 3,259,000

Aids to navigation - 250,000

Existing structutes 87,150,000(2) 1,590,000
(4 )

Total 164,381,000 19,207,000

(1) 1979 price levels.
(2) Price levels at time of construction.
(3) Based on present worth of future cost, using an interest rate of

7 1/8 percent and a 50-year economic period.

(4) Based on present worth of remaining annual cost at 3 percent spread
over the 50-year economic period.

The present worth of the remaining average annual costs of the locks and dams

amortized for the 50-year period of th'q analysis has been determineJ at the

average interest rate of 3 percent in effect when the locks and dams were

constructed. Estimated average annual costs total $19,207,000.
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BENEFITS

EVALUATION'PROCEDURE

The evaluation of navigation benefits is in general accordance with

Section 7(a) of the Department of Transportation Act of 1966 (Public Law

89-670). However, the work predates the benefit evaluation procedures

published by the Water Resources Council in the Federal Register,

14 December 1979. Consequently, some steps may be different and lead to

different statistical results. However, the benefit analysis applies

the same underlying principles of transportation economics. The guide-

lines provide for measuring the beneficial contributions of water resource

projects to national economic development. These benefits include an

estimate of savings to shippers using or expected to use the waterway,

measured as the product of the waterway traffic and the estimated unit

savings to shippers from use of the waterway. In this particular case, the

unit savings are measured as the difference between the rates shippers are

paying for movement of commodities on the 9-foot channel and connecting

waterways and the rates they would pay via the least cost available

alternative mode of transportation. The benefits of the waterway to the

national economy are the savings in resources from not having to use a

more costly transportation mode.

WATERBORNE CMMERCE

Waterway traffic reports display data for most commodities moved on the

river systems grouped under 11 principal headings s shown in table E-13.

Those commodities that are not moved by water in the District and others

that move in relatively small amounts have been combined under six principal

headings: coal, petroleum and petroleum products, chemicals, metal

products and metal scrap, farm products (chiefly grain), and nonmetallic

minerals (including sand and cement).
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Table E-13 - Commodity codes for the waterway traffic report
Code Description Code Description

01 Empty barges 50 Nonmetallic minerals, except fuels(
1 )

10 Coal(l) 51 Limestone flux and calcareous stone

11 Coal and lignite 52 Sand, gravel, and crushed rock
53 Phosphate rock

products(l) 54 Sulphur, liquid and dry20 Petroleum and petroleum pout 5 Sl

21 Crude petroleum

22 Gasoline 60 Stone, clay, glass, and concrete (1)

23 Jet fuel and kerosene 61 Building cement
24 Distillate fuel oil 62 Lime
25 Residual fuel oil
26 Coke (coal and petroleum), 70 Fresh fish and other marine roduc )

petroleum pitches,

asphalts, naphtha, and solvents 71 Marine shells, unmanufactured

30 Chemicals and related products(l) 80 Farm products (1)

31 Organic industrial chemicals 81 Corn
82 Wheat

(crude products from coal tar, 83 Soybeans
petroleum, and natural gas, 84 Oats

dyes, organic pigment, dyeing 85 Barley

and tanning materials, alcohols, 86 Rye

benzene) 87 Flaxweed

32 Synthetics (plastic materials, 88 Flour

synthetic rubber, synthetic 89 Ve lp u

fiber) 89 Vegetable products

33 Drugs, soap, detergent and 90 Miscellaneous products
cleaning preparations, paints, 91 Forest products
gum and wood chemicals, raio- 92 Lumber and wood products
active and associated materials 93 Pulp, paper, and allied products

34 Inorganic industrial chemicals 94 Processed agricultural products
(sodium hydroxide) (including food and kindred

35 Nitrogenous chemical fertilizers products and tobacco products)
(anhydrous ammonia) 95 All manufactured equipment and

36 Potassic chemical fertilizers machinery including ordnance and-
37 Phosphatic chemical fertilizers accessories, machinery, electrical
38 Other basic chemicals and basic machinery, transportation equip-

chemical products ment, instruments, photographic
39 Other fertilizers and optical goods, watches and

clocks, and miscellaneous
40 Metallic ores, metal products products of manufacturing)

(primary and fabricnid), waste
and scrap materials 99 Commodity is "unknown" or cannot

41 Metallic ores be located on this list.
42 Iron ore
43 Primary iron and steel products
44 Other primary metal products
45 Fabricated metal products
46 Waste and scrap materials

(1) Either not classified within this general category or a more detailed
classification is unknown.
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Available Records

Annual reports of commodity movements in the St. Paul District are

available from three sources:

1. Preliminary summaries of barge traffic compiled monthly by

the District for the period 1935 through 1976.

2. The Performance Monitoring System (PMS).

3. Shipments and receipts compiled by the Waterborne Commerce

Statistical Center (WCSC).

The District record, which was prepared manually, and other lockage

records are now included in the PMS computerized data bank. The District

reports provided data on shipments and receipts under the general

headings of coal, burner oils, gasoline, and a total of all receipts
together with shipments of grain, coal (in 1975 and 1976), and a total

of all shipments. Shipments and receipts were shown as a total for all

ports in the District with separate listings for Minneapolis and St. Paul,

Minnesota. These reports served a need for provisional data not always

obtainable from the statistical center when needed.

The PMS data are stored in a computer bank and can be recalled

readily. Data include the number and types of craft, numbers of barges

moved on the river both loaded and empty, and commodity movements by the

principal commodity codes used in the traffic reports. The advantage

of the system is the ready access and availability of up-to-date

information. The system has the disadvantage of being based on lockage

records which do not include intrapool commodity movements. About three-

fourths of the shipments of refined petroleum products and sand and

gravel from pool 2 terminals south of the Twin Cities move upstream to

receiving terminals in St. Paul without passing through a lock. These

commodity movements may not be important in some studies concerned with

long-haul movements or lock capacities, but they are significant in

determining transportation savings.
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The WCSC system provides the best source of data for a study of water-

borne commerce. Records of all shipments and receipts, by commodity codes

and origin and destination, are stored in the data bank and can be re-

called for each pool, a specific Corps of Engineers District, or groups of

Districts. Currently the WCSC system can provide data only for the

period 1970 through 1977. Table E-14 provides a summary of the principal

commodity shipments and receipts in the St. Paul District for the 1970-1977

period. Total receipts and shipments of commodities include some duplication

when movements are considered on a ton-mile basis. Thus, shipments from

one terminal to another within the District are double counted, first as a

shipment and then as a receipt. This duplication is eliminated by using only

total shipments: those from each District terminal for all destinations

on the waterway system and those shipped to District terminals from points

outside the District. These modified records are identified in this study

as "Adjusted Shipments and Receipts."

Table E-15 shows the shipments from St. Paul District terminals and

the shipments from all other terminals to the St. Paul District for 1976,

a total of 17,684,000 tons, about 83.7 percent of the total 21,117,000 tons

handled by the District terminals.
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Table E-15 - Shipments by all terminals to and from the St. Paul District in 1976
Shipments (1.000 tons)

Non-
Metal metallic

Petrol- products minerals,
eum and Farm sand and

Origin Coal products Chemicals scrap products other Total
From St. Paul District terminals

Minneapolis 1,730 b3 -- 11 411 201 2,434

St. Paul 545 - - 8 1,986 159 2,698

Minnesota
River 31 - - - 2,558 90 2,679

Pool 2 - 1,257 - - 1,577 2,834

St. Croix
River 2 . .. . 2

Hastings - 21 . - - 21

Red Wing - - 337 64 401

Alma - - - -

Winona - 2 - - 439 3 444

La Crosse - 2 - 5 134 3 144

Genoa - - - -

Prairie du -. . 629 - 629

Chien

L/D 10 To St. Paul District terminals

Rock Island 2 - 151 - 2 29 184
District

St. Louis
District 1,836 184 21 8 - 217 2,266

Missouri River - - 3 - - - 3

Illinois River 23 56 3 98 - 12 192

Middle Missis-
sippi River - - 53 - - - 53

Lower Missis-
sippi River - 502 596 21 - 170 1,289

Lower Ohio
River 580 29 - 3 - - 612

Upper Ohio

River 53 - 14 60 - - 127

East Gulf - 192 4 - - 361 557

West Gulf 14 41 53 - - 7 115

Total 4,816 2,349 916 214 6,496 2,893 17,684
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Projections of Future Traffic

Estimates of future waterborne commodity movements via the 9-foot

channel have generally been ultraconservative, often underestimating

traffic by a wide margin. For example, in 1952 the District estimated

future annual traffic on the Minnesota River in justification of extend-

ing the 9-foot channel from the mouth to mile 14.2 (later extended to

mile 14.7) at 200,000 tons of grain, 400,000 tons of coal, and 48,000

tons of petroleum products. In 1976, the shipments and receipts by

terminals on the river included 2,558,441 tons of grain, 772,940 tons

of coal, and 45,830 tons of petroleum products. In addition, over 400,000

tons of other commodities were moved on the Minnesota River that year.

In about 25 years, the traffic increased from about 100,000 tons to

3,777,000 tons and exceeded the District estimate by over 500 percent.

This growth in riverborne commercial traffic is reflected in the grow-

ing congestion at some locks and the problems associated with the need

for additional barge fleeting areas. Recent projections of riverborne

traffic in the St. Paul District are summarized in the following

paragraphs.

North Central Division Projections. - Two Phase I reports, representing

the initial study using only available data to determine if more detailed

studies should be made, were completed in the early 1970's by the Corps

of Engineers North Central Division and included projections of commodity

movements on the Upper Mississippi River from Cairo, Illinois, to

Minneapolis and on the Illinois Waterway. The first report, completed

September 1972 and revised May 1973, concerned the merits of and need

for a 12-foot channel on the waterways. The second report, completed

September 1973, considered the feasibility of providing a 12-month navi-

gation season on the Mississippi River above Grafton, Illinois. The

reports recommended no further study of a 12-foot channel on the Mississippi

River above Grafton or of a 12-month season above Burlington, Iowa.

However, both reports included data on existing (1970) and projected water

traffic using origin-destination data for 1968 as the base and a system

simulation computer model. Traffic estimates through lock and dam 10

presented in the reports are as follows:
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Year Traffic in 1,000 tons

1970 10,900

1980 17,200

1990 18,600

2000 19,100

2010 21,900

2020 24,500

2030 27,600

University of Minnesota Projections. - As a part of the GREAT I study, the

Commercial Transportation Work Group arranged for a contract with the

University of Minnesota, Department of Agriculture and Applied Economics,

for a study of the existing and probable future waterborne commodity move-

ments in the St. Paul District. The resulting report (1) presents seven

projections to year 1985 based on various assumed changes in movements of

the principal commodities being shipped and received by terminals above

lock and dam 10. The traffic growth projections were developed from

records of com-odity movements and average growth rates during the period

1963 through 1976 and are presented for seven possible situations. The

record of growth rates and estimated most probable future growth rates

were used to develop a 1985 base-line projection on a commodity-by-

commodity basis for each pool. The report concludes that the base-line

case is most representative of the 1985 commodity movements in the District.

The other six situations show the effects of various assumptions of signifi-

cant changes that might occur in the use of the waterway as a part of the

overall transportation system. Thus, situation 1A projects a 50-percent

increase in shipments of farm products while situation lB shows the effect

of a 50-percent decline, both representing variations from the base-line

1985 results. Situations 2 and 3 consider alternative coal movements from

western and midwestern sources and the probable locations of new coal-

burning electricity-generating plants. Situation 4 combines the assumptions

of IA and 2 while situation 5 joins the assumptions of 1A and 3.

(1) Bulk Commodity Barge Traffic on St. Paul District Waterways in 1985:
Projections and Impacts, by Robert A. Hill, Jerry E. Fruin, and Carol Such,
Department of Agriculture and Applied Economics, Staff Paper P 78-15,
September 1978.
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The 1985 projected shipments and receipts by terminals in the St. Paul

District are estimated in 1,000 tons as follows:

Situation Shipments Receipts Total

Base line 17,542 10,536 28,078

LA 22,931 10,536 33,467

lB 12,153 10,536 22,689

2 28,958 16,244 45,202

3 17,542 14,816 32,358

4 34,347 16,244 50,591

5 22,931 14,816 37,747

The University of Minnesota study considered the impact of projected

estimates of future commercial traffic on the capability of the locks to

handle the increased traffic. The study found that the locks were used

about 50 percent of the time in 1977 for both commercial and recreation

lockages and that projections of comercial shipments to the 35,000,000-

ton range would probably increase the use to an average of 75 percent.

Some increase in delays at the locks could be expected, and additional

pressures for fleeting areas would develop. A disproportionate increase

in upbound or downbound traffic could increase movement of empty barges

and possibly further increase congestion at the locks. In the St. Paul

District, with the exception of locks and dam 1 and the two locks at

St. Anthony Falls, recreation lockages approach or exceed the nunber of

commercial lockages. Thus, if delays at the locks become too great, the

congestion could be relieved by providing separate facilities for recre-

ation craft. However, preliminary data from a study of the need for inde-

pendent facilities for passage of recreation craft indicate that the

congestion at peak periods of recreation traffic movement could be handled

presently and in the near future by developing waiting areas at the locks

and alternating the passage of commercial and recreation craft. Thus, at

this time, the locks do not appear to offer an insurmountable deterrent

to the growth of commercial traffic.
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The University of Minnesota study also recognized the problem of

supply and demand for bulk commodities moved on the river, the effects of

Federal regulations, the mix between upbound midwestern coal and downbound

western low-sulfur coal, the OPEC oil embargo of 1973. and the impact of

the tax on fuel used to move commodities to and from St. Paul District

terminals. None of the foreseeable changes were considered to

significantly retard the growth of commercial traffic on the river.

District Projections.- Figure E-6 shows the total shipments and receipts

from all District terminals (WCSC record) from 1970 through 1977, the provisional

District record from 1940 through 1975, and the record of commercial traffic

through lock 10 from the PMS program. Also shown are the University of Minne-

sota projections to 1985 (base line to curve 5), the North Central Division

projection (curve 9), and the District projections (curves 6, 7, and 8).

Curve 6 represents a projection of the arowth of shipments and receipts over

the next 50 years accepting the 1985 base-linegrowth anticipated in the

University of Minnesota study and near zero growth after year 2029. Curve 7

represents an adjustment of curve 6 to eliminate the duplication of commodity

movements within the District when both shipments and receipts are considered.

In 1976 the adjusted record differed from the total shipments and receipts

by 17.3 percent. This difference was assumed to prevail in the future so

that points on the adjusted curve are 17.3 percent less than corresponding

points on curve 6.

The growth in commodity movements by water to and from terminals on

the inland waterway system has already caused relatively long delays at lock

and dam 26 near St. Louis where replacement of the existing lock is not ex-

pected to be completed until 1987. Thus, continued growth of the traffic

which must pass through the lock may be expected to be restricted because

of the delay which could grow from several days to weeks before the new

lock is in service. The new 1,200-foot lock will eliminate double lockages

for most tows and reduce the time for passage of large commercial tows

about 50 percent. Nevertheless, current projections of traffic through
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lock 26 indicate delays may be expected in about 20 years unless 
a

second lock is provided. Curve 8 on figure E-6 takes into account the

slower growth in commodity movements caused by the traffic 
congestion.

All commodity movements which do not have to pass through 
lock and

dam 26 are expected to grow at the unrestricted rate. 
Commodities

which must pass through locks and dam 26 are assumed 
to increase only

5 percent in the 10-year period after 1979, and 20 
percent in the next

decade using the new lock. Thereafter, the growth is assumed to be

10 percent for each decade. The development of the traffic projection

under restricted conditions is shown in table E-16.
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The Inland Waterways Revenue Act of 1978 provides for a tax on fuel

used by vessels in commercial transportation on the inland and intracoastal

waterways of the United States. All towboats moving commodities to and

from St. Paul District terminals are subject to the tax which is

scheduled to increase from 4 cents a gallon after 1 October 1980 to 10 cents

a galion after 30 September 1985. The University of Minnesota 1978 study

concluded that the user charges up to 8 cents a gallon would be reflected in

costs to shippers but would not cause a significant reduction in the growth

of barge shipments. In this study of future traffic on the river system,

the user tax has not been considered as a factor affecting the expected in-

crease in waterborne commercial traffic.

Curve 7 might best represent the growth pattern with a normal market

controlled by supply and demand. However, for this analysis, curve 8 has been

selected because it is more conservative and recognizes the probable effects

of the growing congestion at locks and dam 26. The estimated future com-

merce is summarized as follows:

Year Total commodity movements
(in 1,000 tons)

1979 19,450

1989 21,800

1999 25,900

2009 28,600

2019 31,000

2029 33,400

TRANSPORTATION SAVINGS

The determination of transportation savings creditable to the St. Paul

District portion of the waterway system involves, first, the product of the

total volume of each commodity moved and the unit savings per ton. The second

step recognizes that the St. Paul District is only part of the waterway system

through which the commodities move. In the absence of a detailed system analy-

sis, total transportation savings assigned to the St. Paul District have been

based on the ratio of the approximate distance traveled in the St. Paul District

to that traversed below lock and dam 10. To facilitate the apportionment of

savings, shipping and receiving terminals downstream from the St. Paul District

have been grouped on a regional basis. The specific 3nd average mileage

relationship is shown in table E-17.
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Unit Savings

Transportation savings are the difference in the cost of commodity

movements from origin to destination by water and the costs or estab-

lished rates applicable to moving those commodities by the least-cost

alternative mode. Waterway costs include all origin-to-destination costs

including those involved in handling, demurrage, and transfers between

terminals and transshipment points. Costs by other transportation modes are,

in accordance with Section 7a of the 1966 Department of Transportation Act

(Public Law 89-670), the prevailing competitive rates when available, or other

price data when rates are not established. Rates or other cost data are

those which in the judgment of the analyst best represent the applicable

costs of competitive commodity movements, and as a result represent a best

approximation of the savings in transportation costs obtainable by use of

water shipments.

For this study, transportation savings have been based on a rate analysis

conducted by the North Central Division for the year-round and the 12-foot

channel studies in 1972 and 1973, updated and supplemented by more recent rate

studies conducted by the St. Paul District for the locks and dam 1 rehabili-

tation program. The earlier rate studies were reviewed and brought up to

1978 price levels by the University of Minnesota economists. The rate

changes granted for rail movements, cost increases because of oil price

changes, and other recent cost increases since the original North Central

Division rate study were taken into account in the University of Minnesota

analysis. In some cases, when unit savings for small tonnage commodity move-

ments between terminals were not available, savings were determined by inter-

polation of savings for transfer of like commodities between other nearby

terminals for which comparative transportation costs were available.
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Savings on 1979 Traffic

Tables E-18 through E-23 illustrate the procedure followed to develop

origin-to-destination savings and the allocation of savings to the St. Paul

District on each of the six principal commodity groups for the shipments

in 1976 at average 1978 price levels. The results of the detailed analyses

are summarized in table E-24 and show a savings credited to the St. Paul

District portion of the system of $21,717,000 out of a total savings of

$102,263,000. Because of the large volume of coal movements between

District terminals, about 40.9 percent of the coal savings are allocated to

the District whereas only 12.5 percent of the savings on movements of farm

products are allocated to the District. On the average for all commodity

movements, only 21.2 percent of the total transportation savings are

credited to the St. Paul District portion of the system.

The total District transportation savings of $21,717,000 are based on

a 1976 traffic volume of 17,684,000 tons at 1978 average price levels.

representing an average savings of $1.227 per ton. Figure E-6 provides a

projection of river comerce in the St. Paul District from 1976 to 1979

when an average movement of about 19,450,000 toe is expected. Te adjust-

ment from 1978 to 1979 price levels is based on the assumption that all

commodity shipments would increase proportionately and the savings would

increase at the sae rate as the MUR construction index or about 8.177

percent from $1.227 to $1.327 per ton. On this basis the total savings at

1979 price irole vould be about $2,3.40.000. The develomme of

commdity ship.t and'savings at 1979 projectioae amd price levels Is given

in table E-25.

C*W~ availabla t,; D';7C ccA-s n
poimM fully legible reproductioX
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Tahl E-18 - Savings on slilmentEs to and from St. Pdul District terminals in 1976 - ,oal

St. Paul
District St. Paul

St. Paul District portion of District Savings per

Savings Tota" System movement aovement totaS portion gallolyt

Quantity per ton savings 1.000 1.000 ton-mile of savings fuei

Destinatico (tons) ($1,000) Miles to-ilen mies ton-mile. (percent) ($1000) (5)

Downbouni shipments

From Minn.apolis

Minnesota River 611,885 0.20 122 22 13.461 22 13.461 100.00 122 3..

St. Cro i River 576,404 1.12 646 62 35,737 62 35.737 100.00 646 7.23

Alma 168.993 1.10 186 101 17,068 101 17,068 10.00 186 4.36

Genos 329,221 1.50 494 174 57,284 174 57.284 100.00 494 3.45

Rock island DILrit _ 43539 2.55 111 352 1 238 10.302 67.61 75 2.90

-'t.l 1.730,042 1,559 711 138,876 133.912 1,523 4.55

From Minoetoto RIvrr

Genoa 14.757 1.90 28 180 2.656 180 2,656 100.00 28 4.22

Ro.k Island District 15.896 1.54 24 358 5691 244 3.879 68.16 16 172

Total 30.653 52 538 8,347 6.535 44 2.69

From St. Faul

Minnesots Rlvcr 79,013 0.20 16 19 1,501 19 1,501 100.00 16 4.21

Sr. Crn River 136,578 1.03 141 49 6,692 49 6.692 100.00 141 8.41

Alm 4,940 1.10 5 88 435 88 435 100.00 5 5.00

Geno 42,940 1.74 75 161 6.913 161 6.913 100.00 75 4.12

Rock Island Distrlct 278,953 2.38 664 339 94,565 225 62,764 66.37 441 2.81

East Gulf Coast 2 6.86 19 1.987 5,578 225 632 11.33 2 1.38

Total 545,231 920 2,643 115.684 78,937 680 3.44

From St. Groix River

Rock Island District 2,338 2.50 6 330 772 216 505 65.41 4 3.03

From Winona

Rock Island District 2,100 2.15 4 225 472 111 233 49.15 2 3.82

Total dorobosd shipmnts 2,310,364 - 2,541 4,447 264,151 - 220.122 - 2,253 4.09

Upbound shipments

Prom St. Louis District
Genus 505,435 2.18 1,102 498 251.707 64 32,348 12.85 142 1.75

Ls Cro.n 58,091 2.69 156 517 30,033 83 4.822 16.06 25 2.08

inssa 2,548 2.48 6 545 1,389 111 283 20.37 1 1.82

Alm 141,119 5.25 741 571 80,579 137 19.333 23.99 178 3.68

Red Wing 31,550 2.49 79 609 19,214 175 5,521 28.73 23 1.64

it. Croin River 643,358 2.49 1.602 650 418,183 216 138,965 33.23 532 1.53

St. Paul 372,121 2.99 1.113 659 245,228 225 83,727 34.14 380 1.81

*lnnesota River 82042 ini 247 678 55624 244 2.018 35.99 89 1.83

Total 1,836,264 5,046 4,727 1,101,957 305.017 1,370 1.80

From Illinois River

WInona 1,300 2.48 3 506 658 111 144 21.86 1 1.96

St. Groin .oer 21.15 0.77 16 611 1.926 2 6 569 35.35 6 0.50

Total 22,455 19 1,117 13,584 4,713 7 0.59

From lower Ohio River

Genoa 264,085 1.49 393 1,026 270,951 64 16.901 6.24 25 0.58

La Crose, 3327 2.69 8 1045 3,257 83 259 7.95 1 1.03

Winona 24,563 2.55 63 1,073 26,356 111 2,726 10.34 7 0.95

Alma 95,327 5.59 533 1.099 104,764 137 13.060 12.47 66 2.04

St. Croix River 86,985 2.77 241 1,178 102,468 216 18,789 18.34 44 0.94

St. Paul 53,253 3.92 209 1.187 63,211 225 11,982 18.96 40 1.32

Mlnneapolis 52.323 3.76 197 1.204 6 242 12,662 20.10 40 1.25

Total 579,653 1,644 7,812 634,004 76,379 223 1.17

From Upper Ohio River

La Crosse 13,644 1.60 22 1,679 22,908 83 1,132 4.94 1 0.38

Wlnona 28,172 2.48 70 1,707 48,090 111 3,127 6.50 5 0.58

Red Wing 1,419 3.10 4 1,771 2.513 175 248 9.87 - 0.70

St. Pel 9,541 3,76 36 1.821 17.374 225 2,147 12.36 0 .83

Total 52,776 132 6,978 90,885 6.654 10 0.60

From West Gulf coast

Minneapolis 04,172 6.86 97 1,904 26,983 242 3,430 12.71 12 J.44

Total upbound shipments 2,505,320 - 6.938 22,538 1,867,413 - 396.193 - 1,b22 1.64

Total dosnbound shipments 2.310.364 2,541 4,447 264.151 220,122 2,253 4.09

Total movement 4,815,684 9,479 26,985 2,131,564 616,315 3.875 2.51

(1) Based on 400 ton-miles per gallon.
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Table 9-I9 - Saving
s 
on shipments to a"d from St. Paul District tereinals in 1976 - petroleum products

St. Paul
District St. Paul

St. Paul District portion of District Savings per
S,.vlnI& T.. Svstr' moveruent movement total portion talloP of

,n" ty pOr ton eovi,,ga 1,000 1.,0-0 con-alas of savings fa&l
DSti-vsticn (to 6)) 5 $l000 Miles ton-aIles Miles too-miles (percent) ($1.000) (S)

Downbound

fro St. Paul

Rock isln4 District 6,804 1,61 11 339 2,30 225 1,531 66.36 7 1.90
Lower MIssissippi River 19.643 10.05 197 1,708 33,550 225 6,420 13.17 26 2.35
Upper Ohio River 36.704 3.76 130 1.821 ".838 225 8.258 12.36 17 0.83

Total 63,151 346 3.668 102,695 14,209 s0 1.41

Free Pool 2

Minneapolie 62,864 2.02 127 22 1,383 22 1,383 iOO 127 36.73
St. Paul 846,984 0.02 17 9 7.623 9 7,623 100 17 0.89
htnnteota River 16.400 0.17 3 28 459 28 459 100 3 2.43
La Croee 41,939 4.58 192 133 5,578 133 5.578 .100 192 13.77
Genoa 12,263 4.86 60 152 1,864 152 1,864 100 60 12.79
Rock Island District 170.412 1.61 274 330 36,236 216 36.809 65.45 179 1.95
St. Louis District 51.748 8.88 460 650 33.636 216 11,176 33.23 153 5.46
Illinois Watervay 49,000 6.90 338 611 29,939 216 10,5864 35.35 119 4.52
Upper Ohio River 5.518 3.76 21 1812 9,999 216 1,192 11.92 3 0.63

Totel 1,257,124 1,492 3,747 146,717 76,670 34.45

Pro. Pool 3 (Hastinis)

La Crosse 10. 521 4.06 43 69 936 89 936 100 43 18.25
Rock Island District 10.313 1.57 16 314 3.238 200 2.063 63.71 10 2.00
Total 20,834 59 403 4,174 2,999 53 7.07

From I& Crosse

lock Island District 2,314 1.50 3 197 456 63 192 42.10 1 3.04

Total dounM 1,343,427 1,900 8,215 254,042 94,070 9S7 4.07

uibound
Fro Winona

St. Paul 2,050 6.10 9 114 234 114 234 LOU a 14.39

Froe St. Louis District

Minapo1is 15,924 9.03 UA4 673 10,761. 236 3.9M 33.63 3 3.36
". P" 61 32 .93 424 on 31.167 2259 e10"1 4 .14 L43 3.43
Hiomaie r 23: 15 ::.4 27 67l is. "H3 2"4 6.115 MOO 82 5.33
"ad" 11,9-w 0.40 073 34 39, 196 111 7.175 20.37 137 6.90
Le Crosse 231 ,.12 __U 31 126 93 IA6 16,o3 3.. 6.29
1444-4 163,e74 U663 3,071 110,299 30.69? 46 .65
Prm Illinois Watetrwa

Minneapolis 2,138 7.16 13 633 1,353 238 509 37.62 6 6.51
ft. Feel 11,633 7.86 so 620 Y?,A 223 2,661 36.36 32 6.54
96mmm a # 4,36 P88 .14 5 6 6 M,1 44 1,6 38.31 12 6.67
I, Crosse 34. 63 5.91 217 476 17.54 83 043 17.36 i 4.96
13. 713 852 ,183 19,4 3,688 of 4.71

0100 2 64,3" 6.49 6,1202 1.689 840.663 216 106,893 12.71 524 2.00
$0 Cmi. " .6 A- 0j 4 83 576 5.30 -2. 2104
Total S01,424 4,238 3.,283 4IS,676 107,671 537 2.00

4k. 94 *, 9m P.81 MY 1,127 3)3M 225 6,612 18.95 ,36 2.65

1Uaneopo lie #,113 7.65 66 2,000 18,230 236 2,169 11.90 8 1.69
ft. P-al 171,741 7.39 1,321 1,687 355,166 225 40,216 11.32 1S0 1.49
emport ,. ._ 7.39 33 1-974 86901 216 972 10.92 4 1.69
Total 192,360 1,422 $106S 362,297 43,359 162 1.49

ft. IN, 6,871 .34 37 1,487 77,134 123 9,186 11.92 33 1.64

.tow 1,663,871 6,167 17.363 1,686,936 204,62 1.313 2.37

To6al 4mA6 1,343,637 1,900 5,115 254,042 96,070 957 4.07

Total so e |t 2,4,688 10,687 34,074 1,738,9W 29 8,69 2,270 3.04
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Tblo E-20 - Savings on shipments to and from St. Paul District terminal. In 197b -chemicals and chemical products St._Paul
St. Pool
District 0t. Po: l

St. Paul Dlttict portion oi D5rct $ 9,6'
Saving, Total System -venont movnt total portion gal. :

Q,.- LtIty p r ton sa i g s 1,000 1,000 ton-s l s .f sav i ng I
________ (tn,) ( ) $1,000 Miles ton-miles liles ton-miles (p rc nt) ($1,300)

Downbound

From Minneaolis

Upper Ohio River 17,642 6.70 118 1.200 21,170 238 4,199 19.83 2] 2.23

Upbound

From Rock Island District

St. Paul 1,520 6.50 10 339 515 225 342 o.37 0 7.b7Hastings 141.090 6.21 876 314 44,302 200 28,218 n3.h9 558 7.91Wino. 8,309 5.75 48 225 1,870 ill 922 49.33 26 10.22
Total 150.919 934 878 46,687 29,482 590 8.10

From St. Louis District

St. Paul 2,230 7.50 17 659 1.470 225 502 14.14 6 4.55Minnesota River 5,558 7.50 42 678 3,768 244 1,356 35.99 15 4.42
Hastins 2,673 8.21 22 634 1,695 200 535 31.55 7 5.18W iona 10.696 8.71 _3 545 5,829 ill 1 20.37 19 6.39
Total 21,157 174 2,516 12.762 3,580 47 5.25
From Missouri River

Minnesota River 3,027 7.'- 23 778 2,355 244 139 31. 3b 7 3.86

Froa Illinois Waterway

St. Paul 1,357 6.20 8 620 841 225 305 36.29 3 4.00Winona 1.512 5.70 9 506 765 Ill 16_8 21.94 2 4.51
Total 2,869 17 1,126 1,606 473 5 4.,

Fro. Mdm Mississippi River

Minneapolis 4,172 9.32 39 1,083 4,518 238 993 21.98 9 3.44St. Paul 10,037 9.28 93 1,070 i0,740 225 2,258 21.03 20 3.47Minnesota River 1,495 9.32 14 1,089 1.628 244 365 22.41 3 3.42Hastings 31,629 9.18 290 1,045 33,052 200 6,326 19.14 56 3.51
Winona 5,605 9.05 51 956 5,358 iII 622 14.61 6 3.79
Total 52.938 487 5,243 55,296 10,564 94 3.56

From tI..c: "ssisslpp River

Misneapolla 11:281 9.68 109 1.721 19.415 238 2,685 13.83 15 2.25St. Pmal 88.596 10.14 898 1.708 151,322 225 19,934 13.17 118 2.37Minncsota River 112,685 10.07 1,135 1,727 194,607 244 27.695 14.13 160 2.23hsse fngs 306,114 10.03 3,070 1,683 515,19() 200 61,223 11.88 365 2.38Red Wing 1,485 10.15 15 1,658 2.462 175 260 10.55 2 2.45
Wlnona 71,198 10.09 718 1,594 10,490 ill 7,903 6.96 50 2.53
Prairie du Chien 4,570 9.86 45__,5 3 6,869 20 91 1.33 __1 2.62
T Lii 595,929 5.990 L1,594 1,003,355 119,591 711 2.39

Prom Upper Ohio River
St. Paul 3,775 6.70 25 1,821 6,874 225 849 12.36 3 1.47WiSon 10.537 6.75 71 1.707 L%987 ill 1.170 6.50 5 1.58
Total 14,312 96 3,528 24.861 2,019 8 1.54
Pro East Gulf Coast

St. Paul 4,200 9.00 38 1,987 8,345 225 945 11.32 4 1.81
Fro. West Gulf Coast
Minneapolis 1,650 9.19 15 1,900 3,135 238 393 12.53 2 1.94St. Paul 29,217 9.14 267 1.887 55.132 225 6,574 11.92 32 1.94Minnesota River 22,666 9.20 209 1-906 43,201 244 5,531 12.80 27 1.93
Total 53.533 491 5,693 101,468 12,498 61 1.93
Total upbound 898,884 8,250 33,343 1.256,735 179.891 1,527 3.40
Total daanbound 17,642 118 1.200 21.170 4,199 23 2.23
Total wmvement 916,526 8,368 34,543 1,277,905 184,090 1,550 3.37
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fble E-2 - Savings on shipments to and fro St. P-1 Iistricc trlnais in 197b- farm prod-ts

St. 
Paul

D 1 trict 
St. P l1

St. P-1 Distrlct portion of Dltirlt S I .r
SeIvmcn tttal portion RlL' 3,.,tt) P con sa gs100 1,000~ t-.1e$1.1 ~ ln ie

(to") ($) $1,0OO Miles ton-,.lo mile. ton-.ile. (perzent) ($i.OCO .

Dounibound

From Minneapolis

Winona 4,051 4.32 35 12 514 127 514 100 17 1.21

St. Lo s str it 57 ,796 6 .33 366 672 38 ,839 238 1 0,755 35.42 223 .77
Loer Mississippi Rliver 298,637 7.26 2,168 1,721 3,954 238 7.168 13.83 3000 .9

LoU er Ohio River 6,926 6.40 44 1,200 8,31 238 1.648 12. 3 9 . 12
Upper Ohio River 28,485 6.40 182 1,834 52,241 238 6,779 12.26 14 1.40
E.t Gulf Co.at 76,32 8.80 635 2 006 3,5 238 1,648 12.90 6 1.76

Total 411,223 2,913 7,554 644.525 93420 496 2.04

From St. P-is

Winona 9,438 4.20 40 14 1,076 114 1,076 100 40 7.91

S t1..ut s i 76 8 2 7 6 .33 4 86 6 59 50 ,6 29 2 35 1 7 ,286 34 .14 26 3 .8 4
M1d M77I1ppi Rie 1.506 6.90 10 1,070 1,611 225 339 21 8 2 2.

5
8

Lor MMs wive, 1,645,127 7.26 1.944 1,704 2,809, 5 J20415 13.17 2.573 ;.70
L,5 9hio4River 38:338 6.40 245 10187 45,507 225 S,626 18.96 26 2.2b
Upper 01' to Ri ver 156,370 6.40 L,001 1.821 28.1,750 225 35,i83 12.36 124 1.41
East Gulf Coast 28,8 8.80 515 1970 225 638 11.32 58 1.70

Total 1,986,088 14.241 8,546 3,309.654 445,822 2,010 1.80

From Minnesota River

Win.na 10,214 3.40 35 13 1,31 3 158 800 35 10.23
L. Cr.ss i 1,386 3.70 5 16 222 161 222 0 5 9.1
Rock Ind District 2740 5.32 5 5 981 244 669 . .4

,.592 8. 01 1. 8 868 37 .50 20 1.94

St. Louis District 98 0 6.33 624 678 66.845 244 24.056 35.99 225 3.73
Middle Mississippi River 24,789 9.00 223 1,089 26,995 244 ,4 2.150.3

Lo4er Mississppi Rivr 623,120 7.26 15,596 1,727 ),709,995 240 524,162 1.13 2.327 1.68
Loer Oho River 22,598 6.40 145 1,206 27,253 24 5,514 20.23 29 2.12Upper Ohio River 71,975 6.40 1,101 1,840 16,434 244 41 962 03.26 146 1.39East Cut , C.oast 76,534 8.0 673 2, 006 153,527 244 18:,4 1 2. ,6 82 1.71

Eest Gulf Coast 1383 8.80 12 7 2644 244 338 12.80 2 1.85

Total 2,558,441 14,429 11,104 4.306.254 623,577 2 788 1. 7

From Red Win i

Winona 5 572 2.69 I0 64 57 22 357 663 15 .818 Louis District 3,4 .3 1 09 1.8g12 1751 532 i28.S 6 41

L :t r s s pp River 31. 936 880 2,807 1 165 .0 96 55,814 10.55 296 2.12
pper Ohlo River 7,947 6.40 51 1.771 14,74 175 1,391 9.88 5 1. 5set Gulf Coast 1,3 8.80 12 1.93, . ,7 175 233 9.03 1 1.8.1

Totsl 338.827 2.904 6,039 547,657 58,327 323 2.22

Fr-m Winona

Lower Mississippi liver 434,708 8.80 3,825 1,594 692,925 11 48,253 "6.96 266 2.2,
Upper Ohio Ri ver 1.646 6.40 it 1,707 2,826 1 183 6.50 1 1.50

EatGulf Coast 2,0 8.80 26 1.873 5.4 34 It, 32_...2 5.93 2 1.88

Totas 439,255 3,862 5,174 701,185 48.758 269 2.11

From L. Cr....

Mlddie Misisppi Ilver 1,333 6.20 8 928 1,237 83 Ili 8.94 1 2.67
Lower*M~sissj2IpiI RLiv er 124,426 8.80 1.095 1.566 194,851 83 10,327 5.30 58 2.25
Upper Ohio River 4,011 6.40 26 1,045 4.191 83 333 7.94 2 2.45
East Gulf Coast 4,0 8.80 -4_..0 1.845 8,0 83 374 4.50 2 1.91

Total 134,272 1,16 5,384 208,585 11,145 63 2.26

From McGregor-Prairie du Chien

St. Louis District 1,180 5.90 7 454 536 20 24 4.40 0 5.19
Lo er Hissispi ve 83,2 7 00 4.292 1,503 921,519 20 12,262 1 33 57 1.86
LoW r Oho lIvor 1,390 6.40 9 9 82 1,365 20 28 2.04 0 2.61
,.set Gulf Coast 1313 8.80 11.._6 1,782 23,399 20 263 1.12 1 1.97

Total 628,821 4.424 4,721 946.819 12,577 58 ,8

"otal dw~nbound 6,494,927 47,942 48,522 10,664,669 1.297,059 6,007 1.85

From Rock Island District

St. Paul 1,633 6.33 10 339 554 225 367 66.37 7 7,47

Total mvement 6.496.560 47,952 48,961 10,665.223 1.297.426 b,014 1.85
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Tble E-23 SavIlgs on *h1pmeats to and from St. Paul District torminal. in 1976. nomltaoillnr. 16lcmnt. sand. tc,.)

Si. Fool
District 0'. Paul

St. Paul District portion o District San l60 Ier

Laclng. 101.01 4 ot.i, roct,.0t 1oehen totai portion ga.o .

Qouc.1i13 por ton .ovIngr 1O0-O 11000 too-slitS of Soologe joel

i(tos) ($) $1.020 lirt ton- s ilts ton-sirs (perent) ($,000) ($)

loontoond

Foo finne rol is

St. Loots District 1.571 10.44 16 *2 1.058 238 375 35.;2

Loser Mississippi Rvr 166.267 14.10 2.344 21 26.l16 238 39.572 13.83 32. 3.28

1ppr Ohio Rise, 10.058 10.59 105 .834 18.446 238 2,394 12.98 14 2.27

coot [lf Coast 22.037 i3.79 304 .,000 11 238 5,250 11.90 36 2.76

We-t Golf Co.4t 1.250 13.79 17 1.900 .23 238 298 12.53 2 2.90

7ot4 201.207 2.76 8,127 352,1)9 47,889 382 3.19

From St. Paul

$o. Lols r1.riro 9.119 10.2] c 659 6.009 225 2,052 34.14 32 6.20

loner Misoissippi 0mm 146.884 13.42 i. 1 i.708 250.878 225 33.09 1i.17 260 3.11
pper Oio River 307 [0.10 32 600 225 692 12.36 3.29

Tot.l 159.078 .096 4.L88 262,487 35,79 296 3.31

From Minnesota Rlver

Middle vississippt Rivr 1,396 i2.69 18 1.089 1.520 244 341 .2.41 6 4.66

Loner ts ls* p i River 65.116 13.57 884 1.727 112.455 240 15.888 14.13 125 3. 1

Loser Ohio 2.620 10.86 28 1.206 3.160 244 639 20.23 6 3.60

[pper Ol1 Rivr 20,437 10.45 14 1,840 37604 244 1 983 3.26 20 2.27

To, l 89.569 1,141 5.862 154.739 2i,855 163 2.98

... or NI-lnppi River 139 13.69 2 1,683 217 200 26 11.98 0 1.18

F, MR! +
St. L-,+ Ditict 2.,664 L9.69 ;O 609 1:122 175 .66 =8+;+ +

oen River 6.256 2.91 1.65. 3272 17 9.85 1.5 177.

Lcoc .10 River 2.759 10.70 1.137 3.107 175 897 15.49 3 76

Ipo tcRcr 2,764 9.92 77 1,771 4 158849.5

Toc1 64,443 ..c 5,175 102,926 11.278 92 7.

Fr- Witiona

-- r .less iaip0 9lv 2.480 . 02 3, 1,594 3.953 ill 275 6.90 2 7.:7

From L. Crosr

Plddle Mississippi River 5,13, .2.. )4 928 2.932 83 262 8.94 3 .

Looer MismIs.ippl River "2i8 42.S .3 6 341 83 18 1. 3 120

3.377 37 2.494 3.273 260 3 .2

Total downbound 20.283 -.905 29.123 879.734 117.396 03. .9

Upbound

Proe Pool 2

M3nneapoLis 535..n ..b 1,093 22 7.378 22 7.378 100. .,063 1927

St. I 
3

5 9 1 17 9 a 100. A 112.89

Total ,. . 4,246 31 1.552 18.552 .,.n6 91.51

From S, d balond 1010r?
St. Fo,... .59 8.33 204 339 8.292 225 5.503 bn. 17 211 9.83

Fo,., 2 .Zo..c 8.02 30 30 1 420 216 929 6..5 2 9.2

os Z,, 239 669 9,712 6.432 , 7 9 80

mSto Linuls District

.n~ols28:112 10.44 137 67,2 16:0711 23 30.484 h-11-;

4 100 6 , 47
Ked ' , 711 9.69 1 7 609 1 OS0 75 l? 09 &R? S b I

Wtnon!" i0Zi .92 91 545 5:573 Ill 1.,135 901

ta .+bi.iLI 3,002 132,517 38.501 t A

.53 6 20 18 820 ,559 225 1.01 .2R .) b.0

4.5 .. 37 5.92 a 570 762 !75 21U 1.70 2

-c .s .b12 5.70 8 506 689 I1 L1 .1.90. % il1  
5 .68 -2 178 739 83 20 1'. 2 4 13

1,1_98 71 2.176 6,719 2,67 0 5 II

l:eol. 1 1.989 11.13 28 1.721 3.123 238 .;3 I..7 1 2

-. ol 58.866 16.02 825 1.708 100,510 225 .1.24 I." .06 126

..eeois River 28,210 11.17 100 1,727 46770 24 6,91 I4 '1 19 1 28

- h Os 23,386 16.10 330 1596 37,277 Ill 2.198 8.96 2 1 S

Ir.57,594 13.15 757 1.366 90,192 83 1 470 5.0 -0 73

-1I .70.073 2.360 8,316 280,202 27 990 . o.

227.000

F. . 81.223 13.72 1,111 1.887 181,390 225 1A.27 11.32 2 4

206,052 13.80 2.846 2.006 6113,40 216 50,107 12l18 I. 2 '

08 8.21 13.74 L1 1.937 17,008 175 1.549 9.17 I 2.854

, a 2,731 13.22 36 1,673 5.096 Ill 302 5.93 2 2.82

20.950 12.88 269 1.843 38,853 83 1,739 v.0 12 2.71

me 0.0" 12.18 S00 1.782 7,45S~ 00 403 1.12 6 28

751.352 4.90A 13,690 709,994 73.293 SO 2 I

7,42 1.79 103 1,900 16.216 231 .701 , S) 1 2 .0

1012,783 1.,O16 31,22 1.171.952 1 7 I,'7 .Ill

• . 52U.263 5,905 29,123 879.736 117.3l6 R958 3.I

00t. 'A 2. 193. 86 30.93 3o,863 2.00.886 06.108 6.725 C9.6
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Savings on Future Traffic

The basis for the determination of the probable future growth in ship-

ments to and from St. Paul District terminals has been presented earlier

and is illustrated on figure E-6 as curve 8. Total shipments are projected

to increase from about 19,450,000 tons in 1979 to 33,400,000 tons by year

2029. Table E-26 illustrates the steps followed in translating projected

increases in commodity shipments to future savings and to the present worth

(1979) of the future savings. The average annual future savings are cur-

rently estimated at $5,335,000, recognizing the limiting effect of conges-

tion at lock and dam 26.

Table E-26 - Determination of averam)annual future transportation benefits,
restricted growth (St. Paul District)

Average Future Present Present worth
Number Increase in savings annual worth of future

of shipments per ton savings of savings
Year years (in 1,000 tons) (in $1.00) (in $1,000) $1.00 (in $1,000)_

1979 0 0 1.327
2 750 995 0.8714 867
4 1,250 1,659 0.7593 1,260
6 1,650 2,190 0.6617 1,449
8 2,050 2,720 0.5766 1,568

1989 10 2,350 3,118 0.5024 1.566
12 3,450 4,578 0.4378 2,004
14 4,350 5,772 0.3815 2,202
16 5,150 6,834 0.3325 2,272
18 5,750 7,630 0.2897 2,210

1999 20 6,450 8,559 0.2524 2,160
22 7,000 9,289 0.2200 2,044
24 7,550 10,019 0.1917 1,921
26 8,150 10,815 0.1670 1,806
28 8,650 11,478 0.1456 1,671

2009 30 9,150 12,142 0.1268 1,540
32 9,750 12,938 0.1105 1,430
34 10,250 13,602 0.0963 1,310
36 10,750 14,265 0.0839 1,197
38 11,250 14,928 0.0731 i,091

2019 40 11,650 15,459 0.0637 985
42 12,150 16,123 0.0555 895
44 12,650 16,786 0.0484 812
46 13,050 17,317 0.0422 731
48 13,450 17,848 0.0367 655

2029 50 13,950 1, 1 0.0320 592

Total (25 yrs) 192,600 255,576 36,238

Total (50 yrs) 385,200 511,152 72,478

Average annual future savings at 7 1/8 percent interest rate amortized
over 50 years ($72,478,000 x 0.07361 - $5,335,000).

(1) Before user tax.
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Impact of Authorized User Taxes

The Inland Waterways Revenue Act of 1978 provided for a tax on fuel

used in commercial transportation on the inland waterway system. The tax

was set at 4 cents a gallon after 30 September 1980 until 1 October 1981,

6 cents a gallon for the next 2 years, 8 cents a gallon for the following

2 years. and 10 cents a eallon after 30 September 1985. The Act also pro-

provides for a trust fund, consisting of the funds collected through

the fuel tax, to be made available for construction and rehabilitation

projects on the inland waterways system as provided by authorization

and appropriation acts. The legislation provides for findings and recom-

mendations which could result in changes in user charges. However, at this

point, only the effects of the currently scheduled fuel tax are evaluated

and only on the commodities shipped to and from terminals in the St. Paul

District.

A determination of the effect of the fuel tax requires several assump-

tions as follows:

1. The fuel tax will increase water transportation rates and result

in a corresponding reduction in savings creditable to the waterway system.

2. The mix of comdities moved will not change significantly.

3. Although quantities moved will increase, the origins and

destinations will remain substantially unchanged so that the total number

of ton-miles will be changed from the 1976 data only through increases in

tonnage.

4. Fzel consumption will average about 400 ton-miles per gallon.

(A number of studies have been made in recent years of fuel consumption per

ton-mile on the inland waterways including that by Marvin Barloon,C
I) giving

an estimate of 333 ton-miles per gallon; anotherCM) based on a review of

(1) Barloon, Marvin J., Case Western Reserve University, Cleveland, Ohio,
"Shallow-Draft Inland Waterway Fuel Consumption and Cost Sharing," 6 November
1973.

(2) "The Economic Impact of Waterborne Transportation on the Upper Missis-
sippi River Basin," Upper Mississippi Waterway Association, July 1975.
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the records of 11 barge lines operating on the Mississippi River and

tributaries producing an average fuel use of 419 ton-miles per gallon;

and the results of a recent study by Samuel E. Eastman, Washington eco-

nomic consultant and former director of the Policy Review Office of the

Department of Transportation, giving a national average for fuel used in

waterway traffic of 514 ton-miles per gallon.)

5. The St. Paul District portion of the savings will remain at

21.23 percent as determined in the detailed terminal-to-terminal analy-

sis of 1976 District traffic.

Tables E-27, E-28, and E-29 show the procedure followed to determine

the effect of the fuel tax on the transportation savings assigned to the

St. Paul District.

Table E-27 - Effect of fuel tax on transportation savings creditable to
St. Paul District with zo future growth

Ship- St. Paul

ShipTl) ments Fuel District St. Paul
Number ments (1,000 used( 2) Tax pei share of District

of (1,000 ton (1,000 gallon Tax tax 21.23% savings

Year years tons) miles) gallons) ($) ($1,000) ($1,000) ($1,000)

1979 0 19,450 19,904,385 49,761 0 0 0 (25,810)

1980 1 0.0089 443 94 25,716

1981 2 0.04 1,990 422 25,388

1982 3 0.06 2,986 634 25,176

1983 4 0.06 2,986 634 25,176

1984 5 0.08 3,981 845 24,965

1985 6 0.08 3,981 845 24,965

1986 7 0.10 4,976 1,056 24,754

1987 8 4,976 1,056 24,754

1988 9 4,976 1,056 24,754

1989 10 4,976 1,056 24,754

1990- 40 0.10 199,044 42,257 990,143

2029

Total (50 years) 2,488,048 235,315 49,955 1,240,545

Average annual 4 ,70C 999 24,811

(1) Average annual shipments, from table E-25.

(2) Average annual fuel consumption at 400 ton-miles per eallon.
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The effect of the currently authorized fuel tax on transportation

savings is summarized in table E-30. The analysis indicates that, with no

allowance for future growth, he average annual tax on fuel used in moving

commodities by water to and rom St. Paul District terminals would amount

to about $4.7 million. Avrage annual transportation savings would be

reduced from about $121.6 million to $116.9 million. Taking into account

the present worth of the future growth in waterborne commerce, the

average annual system savings would total about $126.9 million. The tax

would reduce this amount by about $5.7 million annually, leaving a net

savings of about $121.2 million per year.

Based on the earlier determination that 21.23 percent of the trans-

portation savings (benefits) are creditable to the St. Paul District portion

of the waterway system, the overall savings including future growth in

commodity movements would be about $27.0 million. The net savings after

subtracting the prorated share of the fuel tax would approximate $25.8

million.

Table E-30 - Summi of average annual transportation savigg ($1,000)

Item No future growth Future growth" Total

System:

Savings 121,583(2) 5,335 126,918

Tax 4,706 (3)  987 5,693

Net savings 116,877 4,348 121,225

St. Paul District:

Savings 25,830(2) 1,133 26,963

Tax 999(3) 210 1,209

Net savings 24,831 ( 3)  923 25,754

(1) Totals shown are the present worth of each item from table E-29.
(2) See table E-25.
(3) See table E-27.
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SEISITIVITY ANALYSIS

The growth in commodity movements by water to and from terminals

on the Upper Mississippi River could result in long delays at congestion

points, particularly at lock and dam 26 where replacement of the existing

lock is not expected to be completed until 1987 and the need for a second

lock is still being considered Other factors which bear on the rate

of growth of waterborne traffic include the adequacy of supplies and

future demand for the commodities shipped by water, variations between water

and overland shipment costs, the magnitude of user charges, the desires

of both commercial and recreation craft operators to minimize delays at the

locks, the price of fuel, and the adequacy of fuel supplies. The sensitivity

of the estimate of transportation savings to variations of these factors

is discussed in the following paragraphs.

Traffic Delays

The effects of delays in commodity movements caused by groundings,

lock congestions, or other causes are increases in shipment costs resulting

from inefficient use of equipment and manpower, inability to meet de-

livery dates, and price changes which may affect expected profits. However,

only when the de'ays become excessive and shipment costs approach those

of the least cost practical alternative are changes in transportation mode

probable.

Alternative Estimates of Future Growth Rates

In the foregoing analyses, consideration has been given to the probable

future benefits based on a conservative estimate of unrestricted growth

and an assumed restricted growth due primarily to traffic delays at lock and

dam 26. The unrestricted growth assumes a gradual slowdown in growth with

near zero growth after year 2029. Two additional growth rates were con-

sidered; one assuming uniform growth over the 50-year period attaining a

maximum in 2029 of 45,000,000 tons and the other also with uniform grovth
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but reaching a maximum of only 28,000,000 tons by 2029. Also, in accord-

ance with the Water Resources Council guidelines, two additional modifica-

tions of the unrestricted and restricted growth relations have been

developed, each assuming no further growth after 20 years. The effects of

these variations in the rate of growth of commercial traffic on the present

worth of future transportation benefits are summarized in table E-31.

Table E-31 - Summary of alternative average antyyl transportation benefits

at 1979 price levels
Assumed variations in Present 1979 Total

the rate of worth of average average

future growth future (2) annual annual

Alterna- in commodity benefits benefits benefits

tive shipments ($1,000) ($1,000) ($1,000)

StSt. Paul Diat-ict

1 Straight-line growth to
45,000,000 tons by 2029 8,869 1,882 24,811 26,693

2 Unrestricted normal growth
to 35,200,000 tons by 2029 8,034 1,706 24,811 26,517

3 Unrestricted growth for
20 years, no growth thereafter 7,162 1,520 24,811 26,331

4 Restricted growth due to
bottleneck at L/D 26 4,348 923 24,811 25,734

5 Restricted growth for 20 years,
no growth thereafter 4,356 925 24,811 25,736

6 Straight-line growth to
28,000,000 tons by 2029 2,968 630 24,811 25,,4l

(1) Includes reduction in savings resulting from fuel tax.

(2) Based on 50-year period from 1979 to 2029 and an interest rate of

7 1/8 percent.

On the basis of the several assumed variations in future waterborne

traffic to and from St. Paul District terminals, the present 
worth of the St.

Paul District share of future benefits could vary from 
about $1.9 to $0.6 mil-

lion. Total benefits would vary from $26.7 to $25.4 million representing 
a differ-

ence ot about $1.3 million. Of the several alternative growth assumptions

considered, the restricted growth reaching a maximum traffic of 33,400,000

-ons at the end of the 50-year period falls near th- midpoint of the projec-

tions and at this time is considered to best represent the future traffic.

Thus, the average annual estimate of benefits totaling $25,754,000 is

reasonable.
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Lock Congestion

In situations IA and 2 of the University of Minnesota traffic study,

the authors estimated annual commodity movements at 33,467,000 to 45,182,000

tons, respectively, somewhat greater than the 30,274,000 tons considered

most probable in this study. They found a maximum use at locks and dam 2

by commercial craft of 67 percent of the time in August and 50 percent

or less at other locks. If shipments were distributed uniformly over the

navigation season, lock usage would be less than 50 percent of the time.

On this basis, the locks in the St. Paul District could handle the projected

commerce without excessive congestion. However, when considered with the

lockages required by recreation craft, usage at locks and dam 2 approaches

100 percent and usage at locks and dams 3 and 10 is almost as much. Thus,

before the end of the 50-year period, further consideration will have to

be given to separate locks for recreation craft at some of the structures.

Several downstream locks in the system could have similar problems in

handling combined recreation and commercial traffic. At the present, con-

gestion occurs only on weekends and holidays and may best be handled by

providing waiting areas for recreation craft and alternating conercial

with recreation craft lockages.

Fleeting Areas

St. Paul is the principal area in the St. Paul District where tows are

assembled and disassembled and shuttled in groups of two or more barges to

terminals in St. Paul and Minneapolis and on the Minnesota River. Fleeting

areas now available are able to handle the existing traffic without causing

delays, but the problem can be expected to increase in the future. Further

designation of fleeting areas in and near St. Paul is opposed by individuals

concerned with the impact on the environment and general aesthetics of the

river corridor. Suitable fleeting areas are available downstream from

St. Paul and will be used when needed. Some additional costs for shuttle

service can be expected but they should not significantly affect commodity

shipments to or from the area.
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Fuel Prices

During recent years, fuel prices (which constitute a major part of

shipment costs) have increased at a rapid rate because the United States

depends on foreign imports of petroleum products. In spite of the emphasis

ou energy conservation, new oil exploration and discovery, synthetic

fuels, and alternative energy sources, our dependence on imports is expected

to continue well into the future. As a result, the price of fuel can be

expected to rise significantly, necessitating rate changes at regular inter-

vals. Increasing fuel prices, which affect all modes of transportation, will

increase emphasis on use of the most economical means of moving commodities.

For bulk commodity shipments, the most economical method for long-haul and

and even some short-haul movements is by water when available. Increases

in fuel costs tend to increase the savings obtained by using water trans-

portation and expand the limits for rail or truck overland shipments to and

from river terminals. Thus, with the continuing increases in fuel costs,

a corresponding growth in use of water as a major mode of moving bulk com-

modities seems probable.

Availability of Fuel Supplies

Barring an unforeseen breakthrough in energy production, the United

States and other developed countries will continue to depend on petroleum

and petroleum products to maintain their economic growth and high standards

of living. The United States consumes about 18 million barrels per day
6, 57o

of crude oil, or 6v-- 50 million barrels per year. Many authorities doubt

that existing proven supplies and future discoveries can meet the world's

needs for the next 50 years. Shipments by water to and from St. Paul

District terminals in 1979 consumed about 1.18 million barrels of fuel,

which is only. a small part of the total consumption. Nevertheless, the

consumption of the entire transportation industry is a significar't part

of the total fuel consumption each year. Because petroleum is not a renew-

able resource, the limited petroleum supplies may have to be rationed.

The private sector of the economy would be affected first but the commercial
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transport industry would eventually be affected. A reduction in available

fuel supplies would divert commodity movements to the least fuel-

consumptive transportation mode and could result in an increase in ship-

ments by water. A shortage of petroleum could produce an increased de-

mand for coal, particularly the low sulfur western coal, and a corresponding

increase in downbound coal shipments. Although projections of future river-

borne commodity shipments are particularly sensitive to any limitations

of petroleum supplies, no firm basis for predicting if a shortage will

develop or what its effect might be is possible.

User Taxes

Many of the GREAT I recommendations would significantly increase the

cost of maintaining the 9-foot channel. The extent to which such actions

might be undertaken without exceeding the limits of economic feasibility

could be affected by the user fuel tax. If the tax results in increased

water shipment rates while rates by the least-cost alternative mode re-

mained unchanged, the transportation savings (benefits) would be reduced

and the benefit-cost ratio would move toward unity. Thus, the user tax

could affect the decision to adopt measures which would increase project

costs. At this time, many questions, including the following, remain

unanswered:

1. What effect would the present user tax (scheduled to rise by 1985

to 10 cents per gallon on fuel used) have on shipments to and from the

District terminals?

2. What tax rate would produce enough funds to pay the cost of

maintaining and operating the project including major repairs and

rehabilitation ?

3. What tax rate would reduce the project benefit-cost ratio to unity?

4. What tax rate would result in a significant diversion of shipments

to another transportation mode?
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These questions and others may be addressed on a national basis in

the study and report scheduled to be completed by 30 September 1981 by

the Departments of Transportation and Commerce in response to an item in

the 1978 Inland Waterways Revenue Act. The report will cover possible

changes in the form and method of collecting user taxes, the effects

of diversions of traffic from the inland waterways to other transportat-

tion modes, policy relating to future navigation improvements, considera-

tions relating to regional and national effects, and other concerns. How-

ever, the effects of the user tax and possible tax increases may differ

materially from one section of the waterway to another, justifying a

preliminary determination at this time of the most probable effects on

the 9-foot channel project in the GREAT I area.

The intent of the tax on fuel used in commercial transportation on

inland waterways is to establish a trust fund available for construction

of replacement and rehabilitation projects on the waterways. However,

other measures under consideration for several years would provide for

recovery of up to 100 percent of the cost of operating and maintaining

the system and 50 percent of the costs of future construction on the

system.

The response of the waterway operators to the tax is unpredictable.

The industry would have several options, particularly if the tax were not

increased. First, the operators might be able to absorb the tax

without increasing transportation rates by adopting economies in operation.

Second, part of the tax might be absorbed and the remainder recovered by

increasing rates. Finally, the entire tax burden might be passed on to

the shipper through increased rates. The shipper, in turn, would have

similar options to absorb or to pass on all or part of the increased trans-

portation costs, either in the form of an increased cost to the buyer on

the receiving end or a lower price to the seller on the production

end. Most probably, the tax burden would be distributed throughout

the chain from producer to consumer and adjustments made in accordance

E-72



with prevailing market controls. In the case of grain shipments, an

increased user fuel tax might be passed on through the chain to the

farmer who would then obtain an increase in his Federal subsidy payment

with the result that a part of the Federal savings in costs of waterway

maintenance would be lost in increased subsidy payments to farmers.

This example is an extreme case, and, no doubt, other regulatory or

market controls would alter the results, but it serves to illustrate

the complex nature of the market response to a tax affecting one link in

a long chain.

In general, increases in the fuel tax would discourage the normal growth

in the water shipment of some commodities and would divert other shipments

to a lesser-cost mode of shipment. The net result would be a reduction in

transportation savings for those commodities continuing to move by water

and a diversion of others as the tax eliminated the savings. In this

particular period, inflation and rapidly rising fuel costs are causing fre-

quent changes in transportation costs and corresponding rates. As a result,

any analysis applies only to the specific time period on which the study is

based and is reliable only insofar as the data base is sound.

Other forms of user charges have been suggested, including a fee for each

passage through a lock, possibly adjusted to reflect the time required for

each passage. Proponents of these charges note that operation and care, re-

habilitation, and replacement of the locks and dams are major costs of the

waterway system and that users should pay all or part of these costs. 
Op-

ponents argue that recreation craft use the locks in some areas almost as

much as commercial tows and that they should share in the fee payment.

Other concerns cited in opposition include the complex accounting system

requ'red, the disproportionate burden on shipments originating from or

destined for terminals at the upper ends of the system, and the pressure to

avoid or reduce lockage fees by extending overland commodity movements to

more downstream terminals. The latter would cause congestion in new areas

on the waterway and would reduce the revenue expected while Federal maintenance

and operation costs of the locks and dams were not reduced.
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The fuel tax, effective after 30 September 1980 at $0.04 per gallon

and increasing periodically to $0.10 per gallon by 30 September 1985,

will provide an average annual revenue to the Federal Government of about

$5.7 million. The portion of the tax assignable to the St. Paul District

has been estimated at $1.2 million which reduces the average annual

transportation savings from $26.9 million to $25.7 million, representing

about a 4.5-percent reduction in project benefits. Although the tax

may be a significant added burden to waterway users, shipment costs would

not be increased to a point where shipments would be diverted to a

competing traffic mode nor would the economic feasibility of the St. Paul

District portion of the waterway be greatly affected.

SUMMARY

This analysis, which is based on 1976 shipments to and from St. Paul

District terminals, indicates that the shipments in that year totaled

about 17.7 million tons. Downbound farm products constituted about

37 percent and coal (both upbound and downbound) about 27 percent of the

total shipments. Nr .,etallic minerals and petroleum products constitute

about 16 and 13 jercent of the total, respectively. Chemical products

and scrap iron and steel products make up the balance of the shioments.

Recognizing the restrictive effect at lock and dam 26 until 1987 when the new

enlarged lock will be in operation, shipments are estimated to increase

to about 33.4 million tons by 2029. Detailed records of terminal-to

terminal shipments by commodity group are not available for 1979, but the

1979 total has been estimated at 19.45 million tons.

The St. Paul District share of the total transportation savings, based

on the 1976 shipment record and transportation rates at 1978 price levels,

on the current traffic is estimated at $21.7 million or about $25.3 million

at 1979 estimated shipments and price levels. This adjustment and estimates

of savings on future traffic assume that all shipments will increase pro-

portionately, an unlikely develupment but probably the best assumption that

can be made. Without considering the existing user fuel tax, currently at

4 cents per gallon and scheduled to escalate to 10 cents per gallon by 1984,

the present worth (1979) of the savings on future traffic would be about
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$1.1 million or a total savings of about $26.9 million. With the author-

ized fuel tax, average annual benefits are estimated at $25.8 million at

1979 price levels.

The sensitivity analysis indicated that, depending on which of several

possible assumptions might be adopted, the average annual benefits credit-

able to the St. Paul District could vary from $26.7 million to S25.4 mil-

lion, leading to the conclusion that the estimate of benefits of $25.8

million is reasonable. The sensitivity of the estimated benefits to problems

associated with lock congestion, fleeting areas, fuel prices, and fuel

supplies was discussed and the conclusion is that the adequacy of fuel sup-

plies may be the principal factor affecting the projected growth of future

traffic on the waterways. Finally, the effects of the user fuel tax and

possible increases in the tax are discussed. The conclusion is reached

that the 10 cents per gallon tax would cause no diversion of shipments

from the waterway to another traffic mode although the estimated savings

(project benefits) might be reduced, depending on the market adjustments

to the tax and future rate adjustments to accommodate inflation and

rising fuel prices. Estimated project benefits are definitely sensitive

to changes in the user fuel tax as well as to many other interrelated

variables which are active at this time. Estimated average annual benefits

creditable to thie St. Paul District portion of the navigation project,

based on commercial transportation savings at 1979 price levels, total

$25,754,000, Including the reduction resulting from the currently authorized

user fuel tax.

EFFECTS OF GREAT I

COSTS

Potential increases in the costs of operating and maintaining the 9-foot

channel that would result if the First Priority or GREAT I Program (see

Appendix A) were implemented were estimated. The relative priorities of

the recommendations, time frame, and availability of funds affected the

estimates of average annual costs.
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Several conditions were used to make the estimates, taking into account

that priorities, time frames, and the studies and work accomplished will

vary as implementation plans for the respective agencies are developed

and approved and funds and staff are provided. In most cases, the cost

estimates in the GREAT I report were used. Higher cost estimates were

used where additional analysis indicated they would be appropriate.

For the First Priority Program, capital investments (such as purchase

of equipment and purchase of land to allow implementation of the CMP

(Channel Maintenance Plan)) were assumed to be made over the first 5 years.

After that time, the 9-foot channel would be operated and maintained in

general compliance with the CMP. Other activities recommended in the First

Priority Program but not part of the CMP would be accomplished in an

orderly fashion over the next 10 to 15 years. The order of implementation

was only used to determine average annual cost increases. The relative

order of priorities will be coordinated with Federal and State agencies and

* !other interests as necessary to ensure that future budget requests con-

sider the overall priorities. Under the First Priority Program, average

annual costs are expected to increase about $3 million per year.

For the GREAT I program, the assumptions for implementation of the CMP

under the First Priority Program were used. The other recommendations were

assumed to be implemented within a 15- to 20-year period. Average annual

costs are expected to increase about $9 million per year with the GREAT I

Program.

These cost increases are only for the St. Paul District, Corps of Engineers;

increased costs for other agencies are not included. The estimates dre pre-

sented on an average annual basis for purposes of comparison. Actual costs

in any individual year or series of years could differ substantially, especi-

ally in the early years of implementation when additional lands, work at

temporary placement sites, and other features could require much higher

investments. Additional funding would be planned through the operation and

maintenance budgeting process; requests for funds for specific items would

be submitted on an annual basis.
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and commercial novicatlon. The average annual cost of the project for only
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(1 )

sippi River .'ilu Life and Fish Refuge costs about $600,000 per .ear.

T'hus, the cost to operate the 9-foot channel and refuge only for fish and

wildlife is about $3.8 million. This estimate is not a true average annual

cost because it does not reflect amortized capital costs nor is it based on

a comprehensive analysis of how the project operation and features micht

be modified if it were operated exclusively for fish and wildlife.

However, it represents a minimum cost for such a single-purpose proew:.

(1) Figure is based on data furnished by the U.S. Fish and Wil 1 !if.
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If benefits are assumed equal to the costs, the benefits would also

be $3.8 million. As stated in the GREAT I report, the fish and wildlife

resources of the Upper Mississippi River are an extremely important part

of the national natural resource base and improvements in the system are

justified for fish and wildlife purposes. The significant benefits are not

quantifiable, but the annual benefit of $3.8 million can be considered a

minimum. In all probability, if these benefits could be quantified, they

would be much greater. Full implementation of the GREAT I reconmendations

would increase fish and wildlife and environmental benefits; however, the

amount of the increase is not quantifiable. The First Priority Program

would increase long-term benefits to the fish and wildlife resources; most

of the increases would result from implementation actions by agencies other

than the Corps.

Water-based recreation benefits can be estimated by determining the

dollar value for the average annual visitor day for the pools of the Missis-

sippi River. Volume 6 of the GREAT I report, Appendix I, Recreation,

presents projections of annual activity occasions for each pool by activity

(picnicking, swimming, sightseeing, fishing, boating, waterskiing, camping,

hiking, hunting, and snowmobiling) for the years 1975, 1980, 1990, 2000,

2010, 2020, and 2025. Only fishing, boating, and waterskiing were used

to estimate an annual recreation benefit because these activities are directly

related to the 9-foot channel project. Table E-32 presents annual benefits

for 1980 based on the activity occasion estimates of GREAT I. Conversion

factors used to obtain the visitor day estimates were selected on the basis

of review of recent user surveys. The day use values for each pool were

selected on the basis of judgments of the recreation access, quality,

and six of activities available. These day use values are consistent with

the Water Resources Council's Principles and Standards. Conservative values

were used to eflect the limited involvement of the Corps in recreation. The

annual recreation benefit is estimated at $7.5 illion for 1980. Projected

future Increases in use should be used to develop an estimate of average

annual recretion benefits. The additional data in the GlUT I Recreation

Appendix or new projections being prepared by the District for its update

of the Recreation Resource Master Plan could be used to determine future

Increases. However, for this report, the 1980 benefit is adequete as a
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preliminary estimate of the average annual benefit (the actual average annual

benefit would be greater than $7.5 million). Implementation of the GREAT I

recommendations would increase recreation benefits, but the increase is not

quantifiable at this time.

Table E-32 - Estimate of annual water-based recreation benefits, 1980
Activity Conversion Visitor Estimated

Pool occasions factor days Day-use value benefits

U&L SAF 81,000 1.3 62,000 $1.00 $62,000

1 85,000 1.5 57,000 1.00 57,000

2 65,000 1.8 36,000 1.25 45,000

3 3,310,000 2.0 - 2.5(1) - 1.50 - 2.25(1) 2,910,000

4 1,120,000 2.5 448,000 2.25 1,010,000

5 299,000 2.3 130,000 2.00 260,000

5A 367,000 2.3 160,000 1.75 280,000

6 1,140,000 2.5 456,000 2.00 912,000

7 536,000 2.5 214,000 1.80 386,000

8 658,000 2.5 263,000 2.00 526,000

9 783,000 2.5 313,000 2.00 626,000

10 592,000 2.5 237,000 1.80 426,1000

Total 7,500,000

(1) The higher conversion factor (2.5) and day use value ($2.25) were
used for the St. Croix River portion of pool 3. The lower values (2.0 and
$1.50) were used on the Mississippi River main stem.

Table E-33 summarizes average annual benefits of the 9-foot channel and

Upper Mississippi River Wild Life and Fish Refuge. About $37 million in bene-

fits are estimated; commercial navigation benefits represent about 70 percent

of the benefits. The benefits derived from other purposes are significant

and would support additional expenditures to maintain or improve the high

quality of fish and wildlife and recreation resources.
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Table E-33 - Summary of average annual benefits
Category Amount

Commercial navigation $25,800,000

Fish and wildlife 3,800,000

Recreation 7,500,000 (1 )

Total 37,100,000

(1) Does not reflect actual average annual benefits. Refer to text
Ifor qualifications on these estimates.

COMPARISON OF BENEFITS AND COSTS

Many of the benefits expected from implementation of the GREAT I

recommendations are not quantifiable. Thus, a comparison of costs and

benefits does not reflect all the merits of the recommendations. Table

E-34 shows a comparison of costs and quantifiable benefits. The com-

parison shows that the 9-foot channel is justified on the basis of

commercial navigation benefits alone except under the GREAT I Program.

When fish and wildlife and recreation benefits are included, the 9-foot

channel is justified under all the program even though increases in fish

and wildlife and recreation benefits resulting from Implementation of

GREAT I recosmwndations are not included.
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Table E-34 - Comparison of benefits and costs (1 )

Amomtnz
Basic First Priority GREAT I

Item Program Program Program

Average annual costs $19,207,000 $22,200,000 $28,200,000

Average annual benefits

Commercial navigation 25,800,000 25,800,000 25,800,000

Commercial navigation,
fish and wildlife,
and recreation 37,100,000 37,100,000(2) 37,100,000(2)

Benefit-cost ratios

Without fish and
wildlife and
recreation benefits 1.3 1.2 0.9

With fish and wild-
life and(5creation
benefits 1.9 1.7 1.3

(1) Includes only the costs of implementing GREAT I recommendations
associated with Corps programs.

(2) Benefits for fish and wildlife would be greater, but quantified
estimates are not available.
(3) Includes $600,000 in average annual costs to operate and maintain

the refuge.

COST ACCOUNTING, SEPARATION, AND ALLOCATION

The St. Paul District keeps detailed records on how the funds allocated

for a project are spent. The Corps of Engineers Management Information
System (COEMIS) offers 35 separate code features which can each be sub-
divided into many separate subcodes, so that practically each separate ex-

penditure can be identified. This type of cost accounting is essential in
the development of a separation and/or allocation of costs by purpose.

A brief summary of the accounting of the costs for operation and maintenance

of the 9-foot channel project for the period 1975 through 1979 (by fiscal

year) and the separation and potential allocation of these costs by purpose

will be discussed. This information is sumarised from the report Cost

41location - Case Study, September 1980, compiled by the St. Paul District.
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COST ACCOUNTING

The costs for the operation and maintenance on the 9-foot channel

on the Mississippi, Minnesota, and St. Croix Rivers are accounted for

under either operations or maintenance. There are 19 subcategories

under operations and 16 under maintenance. The distribution of costs

by the major areas for the period 1975 through 1979 are shown in figure

E-7. Lock, dam, and reservoir operations account for 41 percent of the

costs, channel dredging 20 percent, and lock maintenance 10 percent,

with these three areas accounting for a total of 81 percent of the money

spent.

Dam maintenance, engineering support, recreation management, and

other items constitute the remaining 29 percent.

COST SEPARATION

The costs can also be separated by the purposes for which costs are

actually incurred. Although the project was originally authorized solely

for coimercial navigation, recreation and fish and wildlife also benefit

from it. Some costs are incurred only for a specific purpose' (for example,

construction and maintenance of recreation facilities, opening of a back

channel area to improve flow for the fishery habitat, or the dredging of

the navigation channel to ensure a depth of at least 9 feet for passage

of coimercial traffic). Most costs cannot be identified as serving a

specific purpose, but serve more than one purpose. Maintenance and

operation of the locks serve both commrcial navigation and recreation.

Maintenance of the dam serves fish and wildlife, recreation, and comr-

cial navigation. These costs, which cannot be identified for only one

purpose, can be labeled nonspecific costs. The breakdown of the specific

and nonspecific costs for fiscal years 1975 through 1979 is shown in

table E-35. Most of the costs (70.7 percent) are nonspecific. Of the

specific costs, 26.3 percent are related to cosmarcial navigation and

3 percent are related to recreation, fish and wildlife, or planning.
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Figure E-7 - Breakdown of operation and maintenance
costs for 9-foot channel within the

St. Paul District,
1975-1979
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COST ALLOCATION

Several methods can be used to allocate the nonspecific costs (or

perhaps more appropriately labeled as joint costs) to each purpose so

that total project costs can be equitably distributed. Two methods

were tested by the St. Paul District to determine the potential applica-

bility of these methods to allocate the costs for the 9-foot channel

project, based on the review of the period 1975 through 1979:

(1) a modified version of the Use of Facilities and (2) Separable Cost-

Remaining Benefits.

Table E-36 highlights some of the basic differences in philosophy,

methodology, required input, and areas of sensitivity of the two methods.

/E
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Table E-36 - Sumary of features of two coat allocation methods

Factor Use of Facilities (modified version) Separable Coste-Remaining Benefits

1. Relative importance of the pur- The costs are allocated to the purposes The costs are allocated to purposes
poses to which the costs are based on the principal of "user pays." based on the national importance of
allocated If costs are incurred specifically for the project outputs. Each purpose

a purpose, they are allocated to that pays its separable costs as veil as
purpose. The remaining costs are dis- a share of the remaining (or joint)

tributed based on the use of the facility costs on the basis of the significance
where a marginal effort or cost can be of the project outputs by purpose.

identified with serving the purpose. This method treats the purposes more

If no extra costs or efforts are incurred directly on the basis of what is re-

for a purpose, the purpose is not allo- quired to get the desired output if the

cated a cost, In essence Setting a "free other purposes were not being served.

ride." With the project being authorized This method is based on the promise that
for commercial navigation, the project each purposes output is desired and
would be operated primarily for cinsr- that it should share in an equitable
cial navigation and the costs would be al- distribution of the overall project's
located primarily to commercial eavipg- cost on the basis of its output. This

tion unless they can be directly related method would tend to treat the project
to serving another nuroose. This method purposes more as equals, rather than
places first priority on comercial assigning priorities to purposes.
navigation and low priority on fish
and wildlife and recreation.

2. ethodology/basic steps a. Identification of purposes which a. Identify the components of the
involved in the allocation require a specific cost or a total costs.
process marginal cost. b. Determine which costs are specific

b. Separation of the specific costs purpose costs.
to purposes. c. Estimate the cost of maintaining

c. Allocation of the nonspecific costs the aingla-purpose output.
to purposes based on a measurement d. Estimate the cost of maintaining
of use of the facility by or for the project for the other purposes.
each purpose. except for one.

e. Determine the separable and the
Joint costs.

f. Allocation of the joint costs is
made on the basis of the per-
cente* of remaining benefits by

purpose alter conaideration of the
separable costs to obtain those
benefits.

3. Required data for input a. Identification of costs for specific a. Identification of specific purpose
purposes (available through costs (available throu,'i cost code

cost code separation in CODEIS). separation in COM S).
b. Measurement of the use of the b. Ratimate of costs required to

facility (available through the operate and maintain the project
PMS which records date on vessels for a single purpose and for dual
aoving through locks), purposes. (Can be developed through

the Information available in COMEIS.)
c. Estimate of the benefits (available

based on shipping savings for com-
mercial transportation; for fish
and wildlife and recreation are
estimated to be equal to single-
purpose cost for that purpose).

4. Areas of sensitivity of the a. The unit of meaeurement fat deter- a. The estimating of the single-
analysis mining use of a facility is dis- purpose and dual-purpose costs are

cretionary. Displacement, nmber of not necesarily as precise as the
lockags,and time of lockage are candt- overall project cost.
data factors. The time of lockage b. The allocation of the joint costs
appeared to be the most reasonable depend on the estimate of benefits
for the St. Paul District reach, to a purpose only If the benefits

are less than the single-purpose
cost for that purpose. If the bene-
fits are less than the single-purpos
costs, lver Jpoint costs would be
aLlocted to that purpose.

5. Limitations on use/applica- This method could be used in the St. Peal This method could be used in the
bility to St. Paul District District. Its applicability to all St. Paul District. It would have po-

reaches of the river is uncertain. tential for use aver all river reaches.
ChaeS in the allocation of costs may Although it can be readily modified
be required on the basis of actual usage to recognise project purpose changes,
for any given year. because it is based on em average

condition for the project, the alloca-
tion would r. -chang noticeably un-
less there were major purpose changes.
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Each method has its advantages and disadvantages; however, both methods

were capable of producing reasonable allocations. The greatest difference

between the methods was in the basic philosophy and underlying theory.

The Use of Facilities method established a priority for the purposes and allo-

cated accordingly. The Separable Costs-Remaining Benefits method considered

the purposes with respect to their recognized national outputs and then

allocated joint costs accordingly.

The two methods were applied to the costs of project operation and

maintenance for fiscal years 1975 through 1979. The results are shown

in table E-37; commrcial navigation was allocated from 65 to 78 percent

of the costs, recreation from 20 to 23 percent, and fish and wildlife from

1 to U percent. Also, on the basis of a comparison of dredging costs

prior to 1974. it could be determined that about 17 percent of the costs

were attributable to the Federal and State environmental quality require-

ments and sost of these costs were associated with the maintenance dredging

for the 9-foot channel. These costs are included in the allocation to

commercial navigation. Although these results should be considered only

as preliminary, they do establish a reasonable range for which the purposes

could be allocated to their share of project costs. The theory of the

method wi-h respect to the purposes, the reliability of the allocation, and

the potential for use throughout the system should be the principal con-

siderations when selecting the method to be used. The results of the

allocation will reflect the philosophy of the method.

Table E-37 - Summary of cost allocations
Percent of costs allocated to purpose for

average of 1975 through 1979
Modified Use of Separable Cost-Remaining

Purpose Facilities Benefits

Comercial navigation 78 65

Recrea,.ion 20 23
Fish and wildlife 1 11

Planning studies 1

Total A.00 100
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APPENDIX F

LETTERS OF COMMNT

AND RESPONSES TO COMMENTS

I NTRODUCT ION

In December 1980, the draft of this report was submitted for review

to the agencies that had actively participated in the GREAT I studv.

Comments received are presented and discussed in this appendix. The com-

ments are summarized, the major concerns are addressed, and each letter

received and the discussion of the concerns raised are presented.

SUMARY OF COIfENTS

ENVIRONMENTAL PROTECTION AGENCY

No additional comments.

DEPARTMENT OF THE INTERIOR - FISH AND WILDLIFE SERVICE

Tile Fish and Wildlife Service expressed concern over the I ick of Lffec-

tive communication and coordination between the Corps and th,, ,-rxicv on

management of river resources. Of particular concern is the Coordin;t ion

of the master plannini activities of both agencies. The Service support

further study and coordination of several of the recommendations of (;Ki.AL I

which relate to the fish and wildlife resources identified for Corps

implementation.

DEPARTMENT OF TRANSPORTATION - COAST GUARD

The Coast Guard provided comments in three letters. The first letter

presented concerned the safety of marine commerce, with special emphasis

on a more rigorous evaluation on the amount of overdepth dredging deemed

prudent for safe river transportation. In its second letter, the Coast

Guard wanted to extend the definition of emergency dredging to include
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conditions when the channel is impassable even though a vessel has not

gone aground. The third letter provided comments on all aspects of

the implementation report. A principal theme of the Coast Guard views

is that the Channel Maintenance Plan (CAP) is not complete and not

acceptable. Insufficient flexibility, faulty assumptions, and insuffi-

cient economic evaluation were listed as major shortcomings. The Coast

Guard feels the CMP should be evaluated further before it can be adopted

as an implementable plan.

IOWA DEPARTMENT OF TRANSPORTATION

The Iowa Department of Transportation does not find justification

for the First Priority Program, particularly the CMP. It cannot support

a plan it believes does not meet the minimum safety requirements of

navigation. The Department was also concerned about the increased cost

of maintaining the navigation channel as proposed under the GREAT I plan

and feels the increase is not reasonable. It also feels that most of

the problems which brought about the need for GREAT have already been

solved through the interdisciplinary management approach.

IOWA CONSERVATION COMMISSION

The Iowa Conservation Commission endorses the First Priority Program,

but feels more attention should be given to the recreation and fish and

wildlife benefits to be achieved by implementation of the GREAT I recom-

mendations. It views the CMP as a moderately flexible guide that provides

a reasonable level of protection for the environment and believes that

placement sites identified through the GREAT I process would provide a

starting point for placement decisions.

MINNESOTA DEPARTMENT OF TRANSPORTATION

Implementation of the C1P as described in the GREAT I documents is

not acceptable until some of the recommendations are modified through

additional coordinated efforts by Federal and State participants.
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Major concerns center around the effects of reduced-depth dredging on

the safety and increased costs to commercial navigation and the lack

of economic considerations in the development of the CMP. The Department

also feels that all concerned agencies should be represented in any

continued coordination efforts.

MINNESOTA POLLUTION CONTROL AGENCY

The Pollution Control Agency -enerally supports St. Paul District

plans to implement GREAT I recommendations. It feels that additional

detail is required before a definitive position can be taken on the

actual merits of individual recommendations. It cannot guarantee ap-

proval of permit applications to use the dredged material rlacement

sites in the GREAT I CIM' when variances from State rules are proposed.

The definition of the project depth as proposed by GRF:A I doe: not

necessarily resolve any present controversies.

MINNESOTA DEPARTMENT OF NATURAL RESOURCES

The Department supports implementation of the First Prioritv

Program and considers it an essential minimum level tpr,,ram for continuted

operation and maintenance of the 9-foot cianne l. More it tentin sh,,uld

be given to the use of new equipment. Control of s,,dimeit it the ,,trc,

is among the highest prioritv items. Corps implomect iti,,n ,f (,Ri'Al I

recommendations for channel maintenance sliuld hive hi,! .r ri,,irit%\ thin

nonchanne! maintenance recommendations. Ilie Ik',p,rtment ,'ievw t ;t. cqiii -
sition of priva t lands for placement sites As a noeck-sa r ,,c,-nt oI

cont inued channel maintenance.

WISCONSIN [PARTMENT OF NATURAL RFSOURI( S

lie 0MI' propose-d under the First Prioritv 'ro,-rar, is ,c'ept.ibl .

Although the CMI' needs to be flexible, the Depairtment does no.t feel

that the pla-n should undergo ny ma lor rconsiderations. It is worki:.- to

modify Wisc'onsin laws to allow v.ari.nces for drehded mterial pla,-",,:it



sites on the basis of site-specific circumstances. It supports separa-

tion of funds for nonchannel maintenance recommendations so that the

funds cannot be transferred to the dredging account. It feels authority

to implement actions for fish and wildlife and recreation should be part

of the First Priority Program.

WISCONSIN DEPARTMENT OF TRANSPORTATION

The implementation report represents a reasonable approach to ensuring

that the recommendations of GREAT I are recognized and implemented; it

deals with budget constraints and provides options to be pursued if more

funding is made available.

UPPER MISSISSIPPI WATERWAY ASSOCIATION

The association feels the CMP (which includes reduced-depth dredging

and reduction in the frequency of use of hydraulic dredges) will result

in the loss of hydraulic dredging capability and is a potential waste of

Federal money. Loss of hydraulic dredging capability would eliminate the

excellent emergency response available at this time. The association

does not feel that commercial navigation interests should be asked to

pay costs incurred for environmental considerations. It feels that funds

available for operation and maintenance of the 9-foot channel will be

reduced and supports the reduction if the amounts of money for environ-

mental considerations are reduced. It is also very concerned about ac-

quisition of private lands for dredged material placement if the landowners

lo not want to sell the land.

CARGO CARRIERS, INCORPORATED

Cargo Carriers, Incorporated, is concerned over the proposed policy

change that would allow the Corps to acquire privately owned placement

sites, particularly if the policy is applied to sites along the Minnesota

River.
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DISCUSSION OF MAJOR CONCERNS

Several topics were of common interest to many of the community

agencies, even though one agency's view may be the opposite of another.

To facilitate review and understanding of these concerns, they are pre-

sented in this section by topic. The concerns presented are:

1. Reduced-depth dredging and safety of commercial navigation.

2. Acquisition of private lands for dredged material placement sites.

3. Fish and wildlife and recreation enhancement.

4. Coordination with the Upper Mississippi River Wild Life and

Fish Refuge.

5. GREAT I CMP.

REDUCED-DEPTH DREDGING AND SAFETY OF COt+ERCIAL NAVIGATION

GREAT I Recommendation

GREAT I recommended (in Action Item 4) that dredging quantities should

be minimized through:

1. Reduced-depth dredging if technically supported.

2. Maintenance of minimum channel widths suitable for commercial

navigation.

The potential for increasing dredging frequency, impacts on the transpor-

tation industry, and demand for qredged material in the area would be

considered.
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Agency Concerns

The Coast Guard, Iowa and Minnesota Departments of Transportation,

and Upper Mississippi Waterway Association are concerned that reduced-

depth dredging would result in a channel that is unsafe for commercial

navigation. The Coast Guard recommends deferring reduced-depth dredging

until the amount of overdepth dredging needed to ensure safe river trans-

portation is determined.

Background

Historically, the St. Paul District has initiated channel maintenance

when the channel depth decreased to less than 11 feet below low control

pool (LCP). Before 1973, dredging was done to a depth of 13 feet below

LCP except during peak dredging periods (such as 1965 and 1969) when lesser

depths were dredged to reestablish a 9-foot channel.

Once the depth decreases to 10 feet, the channel can quickly close to

depths less than 9 feet. This fact was illustrated at Reads Landing in 1974

and mile 583 in the Rock Island District in 1980. Both instances were

well documented showing that, because of subsequent shoaling, navigational

impact, limits of surveying accuracy, or a combination of these factors,

channel depths deteriorated from 10 feet to less than 9 feet in a few days.

On the basis of this experience, dredging is initiated when channel

depths at LCP reach 10.5 feet. This depth represents a 0.5-foot increase

in channel shoaling before dredging compared to dredging practices before 1973.

Navigation has proceeded without closures when the channel depth was 11 feet

or greater. During the history of the St. Paul District, channel mainte-

nance dredging has not been initiated at a site with minimum channel depths

greater than 11 feet.

Dredging deeper than 11 feet has been done to provide subsequent shoal-

ing capacity and reduce the cost of high frequency maintenance dredging.

During the GREAT I study, the St. Paul District experimented with varying the
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amount of advance maintenance dredging (the 11- to 13-foot increment).

In some instances, the frequency of dredging did not increase; in others,

the frequency increased and no savings in average annual dredging

volumes occurred. With site-specific experience, the St. Paul District

is better able to select dredging depths that minimize the cost and

volume of dredging without encroachment on the minimum channel depth.

A reliable navigation channel is essential to the safety of commer-

cial navigation. In the GREAT I area, LCP is the level that has almost a

100-percent chance of occurrence. Most of the time, pool levels are

greater than LCP. Dredging and channel depths are normally referred to

LCP, so navigation depths are generally greater than the depth referred

to for programming dredging at a given location.

The amount of shoaling required to affect navigation following

13-foot dredging is greater than that following 11-foot dredging. The

integrity of the channel following 11-foot dredging is susceptible to higher

frequency hydrological events. Because of this tendency, the Corps has

doubled and at times tripled channel condition monitoring. The capability

of equipment to respond to channel maintenance demands was assured.

Many hazards to commercial navigation exist on the river. The

9-foot channel does not imply a hazard-free system nor the most efficient

channel for navigation, but rather a channel that allows navigational use

by vessels drafting up to but not exceeding 9 feet. This channel is to

be maintained within fiscal and physical limitations of the equipment

required to dredge the river in compliance with the appropriate laws and

regulations that govern the work.

St. Paul District Position

The St. Paul District must dredge before the channel depth

reaches 10 feet to ensure a channel depth of 9 feet. Depths of 11 feet

appear stable without significant shoaling. Advance dredging deeper than

11 feet will be considered on a site-specific basis to ensure the integrity
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of navigation against subsequent shoaling and to minimize the cost of

dredging. This maintenance procedure will be followed to ensure a

suitable channel depth with navigational use by vessels drafting up

to but not more than 9 feet. All of the considerations presented in

the rationale discussion for the GREAT I recommendation (page VII-13

of GREAT I Main Report) would be used in the decision as to the amount

of advance maintenance dredging to be accomplished at each site.

Approaches to rigid structures will continue to be dredged to 13-foot

depths.

The St. Paul District intends to evaluate the potential for reducing

dredging volumes on a case-by-case basis. Measures considered will in-

clude reduced-depth dredging in accordance with GREAT I recommendations.

The relationship between specific depths and channel widths necessary to

ensure navigational safety will be investigated further. However,

maintenance dredging has never been initiated before the channel depth

reached 11.0 feet below LCP. The controlling channel depth criterion

throughout the system has been 11 feet or less. Therefore, the primary

concern is the depth and width of initiating maintenance rather than the

depth of dredging beyond 11 feet.

The amount of advance maintenance dredging will depend on

bility and availability, historical experience, navigational safety,

reliability of technical evaluation, demand for dredged material, and

appropriate laws and regulations. Initiation of dredging will depend

on the time needed to complete dredging once the need has been identi-

fied. In all cases, dredging will be done to ensure the 9-foot channel

controlling dimensions are achieved.
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ACQUISITION OF PRIVATE LANDS FOR DREDGED MATERIAL PLACEMENT SITES

GREAT I Recommendation

The GREAi I recommendation (Policy/Funding Item 6) and the QIP

recognize that many of the recommended placement sites are owned bv

private int.erests. In some cases, they may not be willing to have

dredged material placed on their property. In these situations, the

Corps would have to purchase the rights to place the dredged material on

the property through an easement or fee title acquisition. In some

cases, the owner may not want to sell either the easement or the title

and condemnation may need to be used.

ALE9ncy Concerns

Commercial navigation interests are concerned that the acquisition

of private lands for dredged iiaterial placement may remove lands from

private ownership and adversely affect future development plans r' these

private interests. The Iowa Department of Transportation indicited that

the costs and uncertainties of acquiring the private lands are difficult

to justify. The Minnesota and Wisconsin Departments of Natural Resources

feel that easement or fee title acquisition of privately owned placement

sites is needed at many locations.

Background

Placement sites for the Minnesota River and Upper St. Anthony Falls

pools dredging are furnished by the local sponsor. Corps purchase of

land is n. t an issue for material from these dredge cuts. Placement sites

for material from the remainder of dredge cuts in the St. Paul District

(in pools 11) through Lower St. Anthony Falls and the St. Croix River)

must be furnished by the Corps. Many of the GREAT I identified placement

sites are not owned by the Corps.
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hien the placement sites must be furnished by the Corps, they are

selected considering the available equipment and its capabilities in

relation to the job requirements, the compliance and evaluation of the

site in accordance with the Clean Water Act and other applicable laws

md regulations, and the availability of the sites.

Potential placement sites fall into several categories of availability

and are listed below in the relative order of preference if other evalu.m-

t on factors are equal:

1. Public ownership - owner willing.

2. Private ownership - owner willing (without charge).

3. Private ownership - owner willing (payment required).

'4. Public ownership - owner unwilling.

3. Private ownership - owner unwilling.

1 historic placement sites in the St. Paul District have fallen into the

-t two "owner willing" categories because of the relative abundance of

ad in Federal ownership .nd the desire of private landowners to receive

-he sand'l dredged material free of charge. But most of these sites are

Wet lands.

Current selection of placement sites includes the use of criteria given

;n the Clean Water Act which require compliance with State water quality

.:-. Also, other Federal laws and executive orders require consideration

wetland, floodplain, and other values. Land originally acquired for

project in the St. Paul District did not include the consideration

placement sites for dredged material using current Federal and State

mteria. In many cases, although the owners of public and private lands

iv be willing to accept dredged material, the placement may conflict with cur-

,nt Feeeral or State laws governing placement of the material, In these cases,
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placement rights may have to be acquired by the Corps either through ease-

ment or fee title purchase to find an alternative placement site that

would be in compliance with Federal laws. However, low funding priorities

and lack of approval of the acquisition of such lands have restricted the

options when evaluating compliance with the Federal and State laws and rders.

executive orders

St. Paul District Position

This issue does not apply to the Minnesota River and Upper St. Anthony

pools. However, in the other pools, many of the placement sites in the

CMP and suitable alternatives are privately owned. Purchasc of rights to

allow placement of dredged material on these sites is essential. Approval

of this purchase and allocation of funds are required by the Corps of

Engineers. The Corps has authority to purchase the lands. Funding would

generally be at Federal expense. Long-term easements would be acquired

whenever possible; however, in those cases where long-term easements would

not meet the requirements of anticipated placement needs, fee title acqui-

sition would be considered. Private lands would be condemned only if

other acceptable options prove unsuccessful.

FISH AND WILDLIFE AND RECREATION ENHANCEMENT

Great I Recommendation

GREAT I recommended that Congress give the Corps of Engineers more

definitive authority in the area of and funding for fish and wildlife con-

servation and recreation enhancement (Policy/Funding Item 11).

Agency Concerns

The Fish and Wildlife Serv: .e is concerned that the Corps recognize

that any of its efforts in this area will require coordination with, and

in some cases approval by, the Service and the appropriate State(s). The

Wisconsin Department of Natural Resources is concerned that the St. Paul District

is not pursuing to the fullest extent possible efforts to implement this

GREAT I recommendation (Policy/Funding Item 11) and other enhancement measures

recommended by GREAT I.
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Back gro un d

The St. Paul District has two procedures for fish and wildlife ind/or

recreation enhancement. The first is through its ongoing operation and

maintenance (O&M) program. Dredged material can be placed for enhancement ,it

the time of dredging if costs and other impacts are not excessive when kom-

pared to normal O&M procedures. Past or present adverse effects directly

attributable to O&M practices can be mitigated (for example, through openinc

side channels plugged by dredged material, revegetating placement sites, or

putting culverts through dam embankments). The second procedure is under

the authorities provided by the Federal Water Project Recreation Act

(Public Law 89-72) and the Code 710 program.

Under both authorities, a local sponsor is required to pay one-half th.

costs for the detailed design and construction of the project. Conceptual

planning and design generally do not require cost sharing. Other require-

ments are that the project must be on Federal property and the local sponsor

must assume full responsibility for any operation and maintenance required.

Funds for projects are appropriated separately from the O&M budget.

St. Paul District Position

The St. Paul District will continue to operate under current authoritie:i

and will enhance fish and wildlife and/or recreation where possible during

normal operation and maintenance. The Corps will also continue to mitigate

adverse effects attributable to O&M actions when funds are available.

The Corps intends to be more active in enhancing fish and wildlife and/

or recreation under its cost-sharing authorities (Public Law 89-72 and

Code 710 Prgram), including facilitating the identification of local

sponsors for enhancement projects, especially those recommended by GREAT I.

All Corps efforts at enhancemenL, whether part of normal O&M or

separate projects, will be fully coordinated with the appropriate Federal

and State agencies. Implementation will comply with applicable laws and

regulations.
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The Corps does not intend to pursue changes in Federal cost-sharini

policies to make it easier for local sponsors to participate in enhancument

projects. The Corps' legislative drafting service will be available to

Congressmen who wish to pursue this issue. Current policies under Public

Law 89-72 and the Code 710 Program are a deterrent to local sponsors

for projects on the Upper Mississippi River. However, it would be more

appropriate and effective for ti.e States to work with their Congressmen

and Senators to accomplish chanaes in this area.

There would be value in having fish and wildlife and recreation en-

hancement made full project pur ses of the 9-foot channel. Accomplishing

this would require further eval ,ation and development of justification

in the proper format for forwarding to reviewing level authorities. If

the other GREAT I agencies indicate they would like to pursue this matter

further, the Corps could take tia necessary actions.

COORDINATION WITH THE UPPER MISQSSIPPI RIVER WILD LIFE AND FISH REFUGE

Discussion

The Upper Mississippi River Wild Life and Fish Refuge covers much of

the lower half of the GREAT I stdy area. Historically, dredged material

has been placed on refuge lands. The Fish and Wildlife Service has ex-

pressed concern that future plac, ment of dredged material and implementa-

tion o: other GREAT I recommended actions that affect the refuge must be

coordinated with the refuge and e consistent with the refuge master plan

(now being prepared).

St. Paul District Position

The St. Paul District full intends to coordinate all of its actions

with the Fish and Wildlife Servi, . If the proposed activity is to take

place on refuge lands owned by tti Fish and Wildlife Service, the Service

would have final approval on th, actioi, provided navigation can reasonably

be maintained with viable alterna'ives. The Service will be requested
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to propose alternative sites with justification for modification of the

plan where it has objections. If a project is on non-refuge lands or

4eneral plan lands owned bv the Corps but managed by the Service for fish

:ind wildlife, the impact of the project on the refuge and its consistencv

with the refuge master plan would be important considerations. However,

the Corps' decision on whether to proceed with the project will be

based on the overall environmental, social, and economic impacts.

'REAT I Ct-P

GREAT I Recommendation

(;REAT I recommended (Action Item 1) that the Corps of Ei mple-

;erit the dredged material placement plan proposed by (;REAT 1. ed

inform;ation on the plan is given in the Channel Maintenanct Appendix of

the (,RtAI I report.

.A.ency Concerns

Most agencies viewed the 01P as a moderately flexible pl in that could

be modified on the basis of changed information (acquisition of additional

site-specific data that could change how the site will be used or changes

in Federal or State laws).

The agencies' views differed between two extremes. Some agencies

thought the C1iP was too specific and feared that if it were not flexible

significant adverse impacts could be inflicted on commercial navigation

interests. At the other extreme were those agencies who felt the CMP

should be followed as much as possible and not be changed significantly

because the environmental trade-off benefits attained through the GREAT I

process might be lost by a change in agency posture.

The Coast Guard, Iowa and Minnesota Departments of Transportation,

and Upper Mississippi Waterway Association shared the first view. They

especially feared that plans for reduced-depth dredging would result in

F-14
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more channel closures, higher costs from delays in navigation, and reduced

safety for commercial navigation. They were also concerned that:

1. Higher operation and maintenance costs would be passed on to

commercial navigation interests through waterwav user charges.

2. Capability to respond to emergency dredi ing needs (such as follow-

ing a major flood) would be greatly reduced and result in delays to

commercial navigation if the dredging fleet becomes less reliant on hy-

draulic equipment.

The Fish and W.ildlife Service was concerned that proposed placement

sites, L-ven those recommended by GREAT I, be coordinated with and approved

Lv the Rervice if refuge lands are involved.

Ilo- Wisconsin Department of Natural Resources agreed that the C lI'

must be flexible. it it also pointed out that it does not want to rehash

the arFuments thit arose during; the 1;REAI 'twl%, and reconsider the GRI]AI I

product.

Background

lit, dIP was :..Oloped in an attempt to i ,rmulate a long-range plan

,r dre gii ,? and material placement that inv <ved agencies would agree to.

Ihis p] in woeld recognize other resource mana.ement needs than the naviga-

tion channel and comply with current laws. kkefore the alP was developed,

limited consideration was given to other resurce management needs and long-

range planning for placement sites was restricted.

The (O!P was developed with the best available data; however, in many

cases, site-specific information was not sufficient to determine if a site

could be used in the manner anticipated at a reasonable cost. In spite of

the data deficiencies, the GREAT I Team was reasonably confident that the

OW would be workable and that it represented a fair trade-off of the

resources involved. The Team also recognized that the CMP had to be flexible
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to accommodate changes that could result from new information. The basis ot

the plan was to develop more environmentally sound channel maintenince

practices. Important assumptions in the development of the C11P were thot:

1. Volumes of material dredged could be reduced significantly

through reduced-depth dredging.

2. Large volume mechanical dredging units are more cost effective

than large volume hydraulic dredging units.

3. The selected placement sites would be available.

4. State permits and/or variances to use the placement sites

would be provided as needed.

5. Beneficial use projections were valid.

St. Paul District Position

The District recognizes the advantages and disadvantages of the L'P'.

It believes the goal of the CMP i'3 ",;'orthwhile and the work accomplished

by the Team in placement site selection should not be lost but should serve

as a basis for future site selection. Through the GREAT I process, it

became apparent that a plan for material placement is needed if the natural

resource values of the river are to be retained. The 0.P is an attempt to

come up with such a plan. However, many issues need to be clarified before

any plan can be labeled implementable.

The St. Paul District plans to conduct additional detailed site-specific

evaluations of the GREAT I recommended and alternative placement sites. Use

of a proposed site will be coordinated with the ongoing interagency coordi-

nation forum and, when necessary, the State agency (or agencies) responsible

for issuing permits.
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Equipment needed for channel maintenance will be evaluated further.

Before a final equipment mix can be determined, water quality standards

for effluent must be established. The standards will be a primary con-

sideration in the cost of material placement methods. ;RILAT I was not

able to resolve this issue.

When placement sites are evaluated, potential suitable riverine thal-

weg placement sites will also be evaluated. If the thalweg sites prove

suitable, they will be considered in the development and/or adjustment

of the LMP.
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